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CHAPTER I. INTRODUCTION 
The study reported herein was a part of a departmental research and 
development project concentrated on exploration of methods of effective 
teaching. Findings will contribute to the educational philosophy of and 
practice in preservice and inservice education of teachers in the depart­
ment in which the study was carried out. 
According to Borg and Gall (1971) educational research and development 
programs can help bridge the gap between research and classroom practice 
and are one of the most promising changes that have occurred in education. 
Borg and Gall outlined the following characteristics of research and 
development: 
1) The objective of educational research and development is usually 
a finished product that can be used effectively in schools. 
2) Teams of researchers are usually involved to carry out the objec­
tives of a single research and development project. 
3) The research usually extends over a period of years before its 
objectives are accomplished. 
4) The sequence followed in carrying out the research is itself 
considered a major contribution to the field of educational re­
search and is quite different from that followed in basic and 
applied research. 
The description of the research that follows includes components of 
the steps for research and development projects in an effort to identify 
effective teaching methods. This study is confined to the question of how 
intellectual skills and abilities are developed through teaching methods 
used .in the classroom. 
The objective chosen as a result of a review of the literature was to 
establish the level of cognitive functioning and attitude of students in 
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classes taught by two different modes of instruction: Expository and 
Guided Discovery. 
This choice was made though probably nothing has been more consis­
tently pursued in education yet seemed more elusive than has been the 
teaching of thinking. Although information or knowledge is recognized as 
an important outcome of education, there is need of evidence that individ­
uals can apply the information to new situations and problems and can 
acquire generalized techniques for dealing with new problems and 
materials. This has been termed the development of intellectual skills 
and abilities (Bloom, 1956). 
Given that the development of intellectual skills is a worthwhile 
pursuit of education, the question becomes one of facilitating this de­
velopment in the educational system. Conflicting responses in the search 
for the "one best treatment" for developing the intellect of learners with 
particular traits was found in the research of educational psychologists, 
in theorists' beliefs about learning as well as in models for classroom 
teaching. 
The review of the literature regarding methods of teaching provided 
evidence that expository and discovery modes of instruction represented 
polar means of approaching the question of learning and therefore were 
conducive to research given that the barrier of defining the discovery 
mode could be overcome (Keislar and Shulman, 1966). 
A major criticism ,of research regarding teaching methods has been the 
artificiality of laboratory approaches when attempts were made to transfer 
the methods and results to the actual classroom (Carroll, 1969). For this 
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reason the research was carried out in high school home economics classes 
in Iowa. A secondary reason for the field testing was the opportunity to 
experience students' day to day reaction to the modes of instruction. The 
review of the literature emphasized the importance of consideration of 
both traits of students and treatments in any research regarding teaching 
methods. Therefore, a companion study (Njus, 1977) was carried out using 
the same sample that this study used to explore the effects of the two 
modes of instruction. Guided Discovery and Expository, on students with 
specific traits. The researcher for the study reported herein and the re­
searcher for the companion study were the teachers who administered the 
treatments. 
At the time in which this research was carried out, the nation was 
experiencing fossil fuel shortages with the resulting threat to the way of 
life individuals had maintained; therefore, energy resources management 
related to.housing was selected as the content area for preparation of the 
teaching modules in the expository and guided discovery modes. A review' 
of the literature showed a very limited amount of curriculum material in 
the field of home economics that was devoted to the energy topics. The 
newness of this content to secondary teaching in home economics helped 
assure that students would have similar content background. In addition 
to seeking information regarding the two modes of instruction which was 
the main purpose of the research, a product of the research project was a 
teaching unit on Energy Resources Management in the Home which had in­
formally been tested in high school classrooms for acceptability of 
content. 
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Attitude toward subject matter as a result of teaching mode used is 
of interest in any teaching but it seemed especially appropriate to assess 
attitudes toward management and conservation of energy in the home. 
Therefore, the study addresses attitudes as well as cognitive achievement 
of students. 
Hypotheses for the study included the following: 
1) Achievement scores for students and classes receiving an Exposi­
tory Mode of instruction will not differ significantly from 
achievement scores for students and classes receiving instruction 
in a Guided Discovery Mode. 
a) Achievement scores measuring the ability to recall for students 
and classes receiving an Expository Mode of instruction will 
not differ significantly from achievement scores measuring the 
ability to recall for students and classes receiving a Guided 
Discovery Mode of instruction. 
b) Achievement scores measuring ability to apply knowledge for 
students and classes receiving an Expository Mode of instruc­
tion will not differ significantly from achievement score 
measuring ability to apply knowledge for students and classes 
receiving a Guided Discovery Mode of instruction. 
2) Attitudes toward energy conservation/management of students and 
classes receiving an Expository Mode of instruction will not 
differ significantly from attitudes of students and classes re­
ceiving a Guided Discovery Mode of instruction. 
5 
The following terms are defined as they were used in this study: 
Concept - a continuum of inferences by which a set of observed character­
istics of an object or event suggests a class identity, and then 
additional inferences about other unobserved characteristics of the 
object or event (Martorella, 1972, p. 5). 
Generalization - a statement of some abstract relationship among several 
concepts which is more complex than any single component concept, 
which expresses an underlying truth and which has an element of 
universality. 
Expository Mode - the instructional treatment in which students were shown 
or told the content for development of concepts and generalizations 
through the knowledge level of the taxonomy of educational objectives 
in the cognitive domain as defined by Bloom (1955). 
Guided Discovery Mode - the instructional treatment in which learning 
opportunities were organized in a manner which allowed for inferring 
the generalization through classroom questioning and activities which 
encouraged application of knowledge by students as defined by Bloom 
(1956). 
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CHAPTER II. LITERATURE REVIEW 
This review was completed in an effort to combine the work of educa­
tional theorists with that of cognitive psychologists and clinical and 
classroom research for the selection and development of model/models for 
teaching which would develop the intellectual skills of students. The 
term model is used here as a pattern or plan which can be used to shape a 
curriculum or course, to select instructional material, and to guide a 
teacher's actions. 
According to Bloom (1956), although information or knowledge is 
recognized as an important outcome of education, there is need of evidence 
that students can apply the information to new situations and problems. 
Berliner and Cahen (1973) have defined the areas in which research 
has been done regarding classroom treatments for development of intel­
lectual skills as follows: 
1. Inductive and deductive treatments. 
2. Structured and unstructured treatments. 
3. Subject matter treatments. 
4. Concept learning treatments. 
5. Treatments involving mathemagenic (questioning) activity. 
6. Treatments involving programmed instruction. 
7. Trait-treatment interactions as they affect assessment. 
The research carried out for this study does not clearly fall under any 
one of these categorizations but is rather a combination of areas. This 
listing was included to indicate the complexity involved in setting the 
parameters for research when attempting to study the development of the 
intellect. 
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The literature review was begun with a search of concept learning 
treatments which ultimately led to the research question of establishing 
the level of cognitive functioning and attitude of students taught by two 
different modes of instruction: Expository and Guided Discovery. 
Theories of Concept Development 
It is assumed that the manner in which subject matter is presented to 
students will make a difference in how well the students learn the 
material. This raises the question of how concepts are formed. 
A concept was defined in the work of Martorella (1972, p. 5) as a 
"continuum of inferences by which a set of observed characteristics of an 
object or event suggests a class identity, and then additional inferences 
about other unobserved characteristics of the object or event." 
Conflicting ideas exist regarding the development of concepts in the 
classroom. Burton et al. (1950, p. 165-157) cited the advantages of con­
cept learning as giving a relatively stable and permanent system of knowl­
edge, providing the additional advantages of facilitating generalizing, 
and providing a framework and guidepost for thinking. However, errors in 
aim and method of teaching occur to the detriment of concept formation in 
that concepts are given out ready-made by teachers who believe that tell­
ing is equivalent to teaching and that hearing amounts to understanding. 
Concepts in real situations are achieved or discovered, not just accepted 
and given acquiescence by students, according to Burton. The attitude of 
the student is not one of absorbing, but one of groping, hunting. 
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searching, and trying one idea with another in Burton's idea of concept 
development. 
An additional criticism by Burton of some teaching situations is that 
activities and experiences are not carried to the level of concept 
derivation. For example, many activities may be going on in the school 
but the student is not stimulated to attempt generalizing, but instead is 
allowed to remain submerged in specifics (pp. 165-157). 
Bruner (1965) is an ardent supporter of discovering concepts with his 
belief that "knowledge didactically transmitted to the learner is not 
likely to fit into the learner's existing cognitive organization. As a 
result the learner is less able either to remember or apply the knowledge" 
(p. 612). Learning by discovery, or the hypothetical mode, as it is 
termed by Bruner, has precisely the effect upon the learner of leading him 
to reorganize what he is encountering in a manner not only designed to 
discover relatedness of concepts, but also to aid retention. 
Discovery learning, according to Bruner, helps the student become 
intrinsically motivated and provides the opportunity for the student to 
learn the heuristics of discovery and to establish a problem solving style 
into his/her own behavior. Discovery can also aid retention. The very 
attitudes and activities that characterize "figuring out" or discovering 
things for oneself also seem to have the effect of making material more 
readily accessible in retrieval (pp. 606-620). A classroom teaching model 
based on Bruner's theory and developed by Joyce and Weil (1972) is in­
cluded in this chapter. 
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Ausubel (1963), in contrast to Bruner, holds that concepts may be pre­
sented to students in an expository manner. He does not share the en­
thusiasm for discovery learning and has presented a point' by point cri­
tique of the position in which he recognizes that "learning by discovery 
has its proper place in the repertoire of pedagogic techniques, but 
denies that it has extraordinary advantages that cannot otherwise be 
achieved" (p. 139). The following statement indicates the depth of 
Ausubel's belief: 
Perhaps the most unique attribute of human culture, which 
distinguishes it from every other kind of social organization 
in the animal kingdom is precisely the fact that the accumulated 
discoveries of millennia can be transmitted to each succeeding 
generation in the course of childhood and youth and need not be 
discovered anew by each generation, (p. 145) 
Thorndike's well-known conclusion cited by Wittrock (1966) that 
"refusal to supply information on the grounds that the bearer will be more 
profited by discovering the facts himself, runs the risk not only of 
excessive time cost but also the strengthening of wrong habits" lends 
support to those opposing discovery learning. 
Ausubel believes that discovery learning can be rote learning while 
reception learning can be meaningful learning just as the opposite can be 
true. Why make a fetish of autonomy of the learner and self-discovery? 
He does see the importance of development of an adequate cognitive struc­
ture which is organized using the concepts and principles in a given disci­
pline that have the widest explanatory power, inclusiveness, generaliza-
bility and relatability to the subject matter of that discipline. Methods 
should be employed that enhance the clarity, stability and integratedness 
of the cognitive structure to aid new learning and problem solving. 
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Ausubel's use of advance organizers are a means to his providing the 
cognitive structure of which he speaks. A classroom teaching model based 
on Ausubel's work is included later in this chapter. 
Hyman (1974) outlined the ideas of theorists who support the lecture 
and recitation method of conducting a class which are summarized as follows: 
1) The concept that what the student needs to know (and/or do and/or 
believe) and can know (and/or do and/or believe) is external to her/ 
him. The knowledge, for example, that a student needs to possess 
and can come to possess is actually held by someone else (the 
teacher) who can transmit it to the student. Knowledge lies 
outside the student, not within him. When someone communicates 
knowledge to the student, the student's mind receives it, assem­
bles it, stores it. 
2) Teaching is viewed as the activity that brings about the accumula­
tion of the knowledge that is to be utilized by the student as he/ 
she performs life's activities, not generated by the learner 
himself/herself. 
3) The teacher has the knowledge to give the student or can easily 
acquire it when necessary or can readily guide the student to some 
book or film or the like that contains it. The teacher is the 
external source of stimulus for the student. 
4) The teacher can transmit knowledge to the student. The teacher 
tells what he/she knows and the student receives and learns. 
5) There is an acknowledgment that the reception by the student may 
be either rote reception or meaningful reception. Ausubel has 
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noted that "few pedagogic devices in our time have been repudiated 
more unequivocally by educational theorists than the method of 
verbal learning. It is fashionable in many quarters to character­
ize verbal learning as parrotlike recitation and rote memorization 
of isolated facts. 
6) The proponents maintain a belief regarding teaching that is con­
sistent with the anthropological concept of culture proposed by 
Ausubel--that man can communicate the knowledge he has gained to 
his offspring. 
7) The lecture and recitation methods of teaching are consistent with 
the concept of the school as agent for transmission of knowledge 
to students. 
8) This view of teaching accommodates and encourages efficiency in 
gaining knowledge. 
9) Students are often happy when they are considered part of a large 
group made up of their friends and acquaintances and may feel 
secure sitting with a large group, (pp. 190-194) 
A very efficient type of guidance (guided discovery) is actually a 
variation of expository teaching that is very similar to Socratic ques­
tioning, according to Ausubel (1963). It demands the learner's active 
participation and requires him to form his own generalization and inte­
grate his knowledge in response to carefully programmed leading questions. 
Ausubel contended that further research is needed to determine whether 
guided discovery is superior to simple didactic exposition in terms of 
relative effectiveness for the time and cost involved. 
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Gagné (1971) has been a proponent of a method he too called "guided 
discovery," a method involving a clear and behaviorally defined statement 
of the instructional objectives and a hierarchical plan for what the 
subject needs to know in order to have the capability defined in the ob­
jective. Teaching in this manner involves systematic presentation of 
knowledge beginning at the lowest level of the student's competence and 
building up. 
Shulman cited in Mayer (1972) pointed out that Bruner's emphasis is 
on the process of learning while Gagné's emphasis is on the product of 
learning. Bruner's method stresses the ability to discover problem solu­
tions while Gagné's method is more closely tied to specific capabilities 
in dealing with specified subject matter. Although not stated by Shulman, 
the work of Ausubel could probably be designated as emphasizing the prod­
uct of learning rather than the process. 
Selecting and Defining Teaching Modes 
The review of literature regarding methods of teaching indicated that 
expository and discovery represented somewhat polar means of approaching 
the question of learning and therefore were conducive to research if,, in 
fact, certain barriers could be overcome. The barriers were related to 
defining the terms and carrying the research out in the actual classroom 
situation. 
Carroll (1969) pointed out that a large amount of laboratory research 
on concept learning and utilization has been done, but that there has been 
little work on the process of teaching concepts in the classroom. Concept 
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formation literature sometimes shows little value for the teaching of 
concepts in school. By the time the researcher wends his way through the 
detailed problems posed by methodology itself, relevance of the research 
to the learning of concepts in the various school subjects is a bit ob­
scure (pp. 222-233). Carroll saw a need for concept attainment studies 
giving attention to the manner in which real-life, nonartificial concepts 
can be taught most effectively, that is, he recommended that the research on 
learning be carried out in the actual classroom. 
Literature reviews were necessary in order to define the modes of 
instruction, particularly that of discovery. The research literature re­
garding the mode of teacher operation and student response in the exposi­
tory manner was, for the most part, straightforward. There has been some 
difficulty in defining expository teaching as in research by Hoover and 
Cauble (1974) in which expository teaching was used as the control group 
and defined as the method which the teacher normally used in the class­
room. The experimental treatment was a concept development mode of in­
struction. Two researchers did the teaching in college-level classrooms 
and reported a possible confounding of the two methods of teaching because 
the expository mode incorporated principles, concepts and relationships 
just as did the concept development mode. It had been planned that the 
control group would receive unrelated or disassociated facts. 
Keislar and Shulman (1966) noted in the summary of the conference on 
learning by discovery that examination of both the exhaustive reviews of 
literature and deliberations of the conference lead to an inescapable 
conclusion: The question of the effectiveness of discovery learning is 
not amenable to research solutions because the implied experimental 
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treatment, the discovery method, is far too ambiguous and imprecise to be 
used meaningfully in an experimental investigation (p. 191). 
In reviewing the research on learning by discovery Wittrock (1956) 
concluded that although many strong claims had been made for discovery 
methods, almost none of the claims had been empirically substantiated. He 
cautioned that in assessing the effectiveness of discovery methods it is 
necessary to take into account the objectives of the teaching-learning 
situation and the particular types of discovery methods employed. The 
discovery treatment, according to Wittrock may involve a wide repertoire 
of teacher-induced strategies and/or learner-induced strategies for given 
situations. Wittrock contended that discovery learning might be inferior 
to highly directed procedures if the student is trying to learn a few 
specific associations. If the criteria are transferred to new concepts, 
however, the learning by discovery treatment might be superior. He pre­
sented a critique of studies which had been carried out and raised ques­
tions for further research, some of which are included here. 
Researchers should define whether they are using the discovery method 
as a way to learn subject matter or as a way to teach problem solving. 
The two ends should be kept separate and operationally defined and meas­
ured as dependent variables. 
Wittrock does not see the inductive versus deductive method of learn­
ing as being a means to define the discovery mode. Contrary to what some 
researchers have contended, induction has no exclusive identity with dis-
co.very learning. It is just as plausible to start with a generalization in 
the discovery mode, according to Wittrock. 
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Methodological problems include the lack of replicability of treat­
ments since the treatments in many studies are not operationally defined. 
Researchers fail to use random assignment. Subject matter areas and types 
of students studied in one report are usually limited; however, the re­
sults are extrapolated to a wide range of populations unsampled in the 
research, according to Wittrock. 
Semantic inconsistencies exist in studies of discovery learning due 
to the lack of operational definitions and objective indexes for the term 
discovery. 
Independent variables differ from study to study. Some researchers 
provide principles to follow while others provide answers to problems. 
Gorman was cited by Wittrock (1966) as attempting to define the independ­
ent variable in terms of two types of information (information about a 
principle and information about methods of problem solving) and three 
quantities of information (no, some and much). Other studies used dif­
fering amounts of instruction as the independent variable, for example, 
or whether or not the subject verbalized the principle. 
Wittrock recommended testing of a variety of dependent variables as 
that of retention, transfer of knowledge, ability to solve problems, 
ability to verbalize rules and conclusions and affectivity. 
Cronbach (1966) made another set of recommendations during a con­
ference on discovery learning. He recommended that researchers put aside 
the question of whether teaching through discovery is better than didactic 
but rather explore a fivefold interaction of criteria: (1) the subject 
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matter in the classroom setting, (2) the type and amount of instruction 
and/or guidance provided, (3) the type and amount of discovery experience, 
(4) the pattern of learning outcomes, and (5) the level of development of 
students. 
He also emphasized the need to appraise educational development uni-
dimensionally with data gathering on such outcomes as aptitude, valuation 
(interest and appreciation for learning in a given field), creative urge, 
and heuristics (ability to solve diverse and new problems through general 
search and information processing behaviors). 
Strike (1975) offered criticism of previous research regarding dis­
covery, but in addition offered insightful recommendations for future re­
search to avoid the errors made by researchers who, for example, attempted 
to define discovery as increased participation by the student, the method 
opposite rote, a method in which students learn independently, and/or that 
involving a minimum of teacher verbal presentation. Strike views such 
descriptions of discovery as accidental features of the concept that offer 
little aid when attempts are made to do classroom studies regarding dis­
covery learning. 
Strike's solution to this research difficulty is his identification 
of the term "verification" as the center of the discovery concept. Veri­
fication is related to epistemology or how we distinguish truth from 
error. An individual may verify a hypothesis or come up with a hypothesis 
to verify. 
This verification point is a prior question and is one which the 
subject matter specialist may establish since discovery rules differ from 
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discipline to discipline and with levels of difficulty within a disci­
pline. It is a mistake, according to Strike, to assume that there is a 
"discovery method." The establishment of a verification point will lead 
to a coherent view of the teacher's role, the nature of the curriculum, 
and other features that may constitute the "treatment" in discovery 
learning. 
The starting point in developing this view is an adequate under­
standing of the logic of concept formation and verification, given the 
subject matter dealt with. The teacher's roles and organization of 
material should be understood as attempts to facilitate conceptualization 
and verification processes on the part of the student. 
Although Strike's statement led to the definition of the guided 
discovery mode for the research reported herein, research studies were 
reviewed in a search for the design of the experimental setting and for 
related findings. 
Review of Research 
Efforts were made to review studies of the effects of discovery 
and expository (reception) modes of learning which had been carried out in 
the actual classroom situation. This was difficult, however, since the 
preponderance of research has been the laboratory type. Three studies 
which provided guidance are discussed in some detail in this section. 
There is much disagreement about the definition of the modes of in­
struction according to Mayer (1972). What Craig called "directed" teach­
ing, Kittell called provision for "intermediate direction." The term 
"discovery" teaching used by Bruner includes what Gagné and Brown called 
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"guided discovery." "Reception" teaching used by Ausubel is used the same 
as "expository" teaching used by Roughead and Scandura. Mayer (1972) cited 
three different levels of direction which might serve as definitions for mode. 
1) Minimum direction in which the subject receives representative 
examples to solve on his own. 
2) Method direction in which the subject receives representative 
examples plus some hint or direction as to the method or principle 
required to generate the answer. 
3) Answer direction in which the final answer is explicitly given to 
the subject. 
A fourth level, seldom tested, was identified by Mayer as both method and 
answer direction. 
It is obvious that these statements are more related to mathematical 
rules than to generalizations. Generalizations may be defioed as state­
ments expressing an underlying truth, which have an element of universali­
ty, and usually indicate relationships among concepts (American Home Eco­
nomics Association, 1967). Rules, on the other hand, may be defined as 
guides for action. This fact limited the usability of the differentiation 
provided by Mayer. 
Kersh and Wittrock (1957) provided a visual description which proved 
helpful in defining modes of instruction. Between point A and B on the 
diagram on the next page is what might be called the discovery phase. 
Point B marks the place at which the learner first makes the required 
response, with or without help from the teacher. Starting at B in the 
learning process the student is memorizing or acquiring increasing skill 
in using whatever was ascertained at B. He/she could be learning to 
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transfer to new situations, to make discriminations or to increase the 
rate of responses. 
Point C, according to these authors, designates the end of formal 
practice, after which the teacher no longer has direct control over the 
learning process. Formal testing may begin at C and is termed immediate 
recall. If another test is given after a designated time interval, the 
test would occur at D in the learning process (p. 396). 
A B C D 
Discovery Post discovery Retention 
practice interval 
From this model, one can describe the study carried out by Kersh 
(1958) who used an arithmetic task (rules of addition) in an experiment 
which compared groups of college students taught by three methods: 
Discovery, Guided Discovery, and Directed Method. 
Discovery: A B C D (test for B) 
Guided Discovery: • B C D (test for B) 
Directed: B _C D (test for B) 
The discovery group was required to discover the arithmetic rules for 
itself without help from the experimenter. No formal practice was re­
quired after the rules were discovered. The formal learning period was 
terminated at C with a test of immediate recall. Kersh noted that the 
subjects tended to continue to practice the rules or continued their 
efforts to discover the rules after the formal learning period was 
terminated. 
The Guided Discovery Group was also required to discover the rules, 
but was given some help in the form of clues. This group was treated as 
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the Discovery Group in all other ways. Kersh noted little or no voluntary 
post-experimental practice on the part of this group. 
The Directed Group was told the rules outright and given examples for 
practice. Learning started at B and terminated at C for this group. 
When the groups were tested at point C, which was immediately after 
the learning period, the Directed Group was superior to the other groups 
in ability to apply the mathematic rules to solve specific problems. 
Kersh contended that this was due to the practice of applying during 
learning. Some of the students in the Discovery Group failed to com­
pletely discover the rules in the time they were allowed. 
Kersh tested the students again after one month's time had passed. 
This is shown by point D on the diagram of Kersh's experiment. The Dis­
covery Group was superior to both of the other groups. Kersh felt that 
this superior performance reflected the practice after the experiment that 
the group had been motivated to do and that consequently the learning 
became more permanent and was more effectively transferred than when the 
learner was not motivated as might have been the case with the directed 
group. Kersh carried out another experiment related to motivation and 
discovery learning in which he substantiated that finding. That study 
will not be discussed here since retention and motivation were not a focus 
of the present study. 
The next review of a research project was included because the sub­
ject matter area and setting more nearly fit that of the study reported 
herein. 
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Sage (1971) carried out research using an inquiry and a lecture 
method with college-level industrial-technical education students because 
he questioned whether students were able to construct the relationships 
needed to solve problems with the use of the traditional lecture method 
followed by a structured laboratory experience. The specific problem for 
the study as stated by the author was whether problem solving performance 
would be affected more by the learning of concepts and principles through 
a method with emphasis on inquiry or by the memorization of facts through 
a method with emphasis on lecture. 
His questions were concerned with identifying the effect of the two 
selected learning approaches on the acquisition of knowledge and on two 
problem solving tasks, the effect of the two selected learning approaches 
on problem solving performance time and student directed inquiry, and the 
effect of the learning approach on the student's reaction toward the 
course. 
The two learning approaches were used to teach the concepts of AC 
inductance and capacitance and the principle of LC filter circuits. The 
same instructor taught all classes with two classes receiving the lecture 
method from that instructor and one class receiving the inquiry mode. The 
study was carried out during one semester-
Lectures were presented for students receiving the lecture mode of 
instruction. Students were advised to take notes and were given reading 
assignments. At the end of the unit, students were told to transfer the 
information to index cards and to memorize the information. 
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Students receiving the inquiry mode were given skill and general 
objectives to be completed with use of a reference library and the labora­
tory session. A problem solving task was demonstrated to the students and 
then a new problem was presented to the group with the teacher guiding the 
student in making the proper response. A discussion period was held in 
which the instructor only answered "yes" or "no" or phrases as "tell me 
more" when students asked questions or made statements. At the end of 
each of these sessions, the instructor furnished the students with a copy 
of discussion notes taken from a tape recording of the session. Students 
were given a researcher-made knowledge test, a problem solving cognitive 
test, and a performance test over the objectives at the culmination of the 
treatments. 
Among other findings. Sage reported a significant difference on the 
knowledge test favoring the inquiry method of instruction. On the per­
formance test for solving problems, the inquiry method was significantly 
higher than the lecture method. There was no significant difference in 
problem solving time as a result of the two methods. Sage concluded that 
the inquiry method of instruction helped students produce higher scores on 
the solution of the problem solving task than did the lecture method of 
instruction. 
Students' comments included their feeling that there was too much 
control of the instructor in the inquiry method of instruction. Students 
receiving the lecture method felt too much was required of them. 
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Coop and Brown (1970) suggested, as a result of their study with 170 
undergraduate psychology students, that college instructors who want their 
students to learn factual content or conceptual-generalization content 
"would do well to use the teacher-structured-presentation method of 
teaching as opposed to the independent-problem-solving method of instruc­
tion." This study also showed that the cognitive style of the students 
did not appear to interact with either of the teaching methods nor pre­
dispose the students toward learning a particular type of subject matter. 
The cognitive style of students was not of interest to the present 
study, nor were the findings of major importance since the self-instruc-
tional mode was quite different from the guided discovery mode used here. 
Aspects of interest were the way the study was carried out and the evalua­
tion of students. 
Four teachers were randomly assigned to teach the four classes in the 
study. Ten analytic students and 10 nonanalytic students were randomly 
assigned to each class with the use of a cognitive style test. The ex­
perimental phase of the research was delayed three weeks to allow students 
to adjust to the methods being used. 
The teacher-structured-presentation-method was defined as a teaching 
method in which the choice of topics for study and the order in which they 
were presented were decided by .the teacher without consulting the stu­
dents. The method was primarily concerned with presenting factual data in 
discrete units with less emphasis by the teacher on integrating the con­
tent into a global context. 
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Nine days were allowed for the teacher-structured-method of instruc­
tion while 14 days were provided for the independent problem solving 
method. This was done to equalize the amount of content covered since it 
was assumed that the problem solving mode would consume more time. 
The independent problem solving group used film strips to present 
typical problem situations. Material was provided which was self-instruc­
tional meaning that students could choose to work individually or in 
groups to answer the problem. A final report was required by students. 
Class attendance was the choice of the student. 
The test given at the end of the unit had both factual and con­
ceptual-generalization items. The factual questions required memorization 
of the material as it was presented in the reading material or by the in­
structor without requiring the student to make inferences or interpreta­
tion. The conceptual-generalization questions required the student to 
make some interpretation from the reading material or from the instructor 
in the form of inferences, extrapolation, computation or analyses. 
The authors suggested that the reason the teacher-structured-method 
students did much better than the self-instructional group on both 
factual and conceptual-generalization questions may have been because the 
students were not accustomed to the freedom provided by the self-instruc­
tional method. 
In view of the varying methods of procedure used in the studies 
reported thus far, some guidance was needed for organizing research con­
cerning instructional methods. 
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Research Guidelines 
Mayer (1972) provided an outline for viewing research as well as a 
guideline for planning research related to instruction. He identified the 
need for the following in any research regarding instruction: 
1) A clear definition of the external features of the instructional 
methods including (a) the amount and type of direction; (b) 
sequencing of instruction whether deductive or inductive; (c) 
continuity or structuring of direction whether explained in a 
smooths systematic hierarchical manner or in a discontinuous, 
unstructured manner; and (d) the degree of learner vs. experi­
menter (teacher) control of the rate and order of presentation. 
2) An understanding of the subject's internal activity during learn­
ing including (a) the level of various learner characteristics 
established prior to learning and (b) the amount and kind of 
cognitive activity evoked during learning, whether the subject 
1) actively or passively participates, 2) stores and organizes the 
material in his own way or as the experimenter has organized it, 
3) assimilates the material to a wide range of structures or 
accommodates his own structure to the material, or 4) strives for 
a high level general rule or a response to a specific question. 
3) A set of observable performance measures for learning and learning 
outcomes. The most common previous research has been (1) reten­
tion, including immediate and longer term ability to perform the 
learned task and (2) transfer, including the ability to apply the 
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learned material to new problems both near to and far from 
original examples. 
4) An experimental procedure for determining the relationship among 
the variables cited above, (pp. 5-16) 
From the listing of the requirements for research, Mayer reviewed the 
research procedures which had been carried out related to each of the 
variables under the external dimension with that of the internal activity 
and performance of the subject. 
External features of 
instructional methods 
Of the studies reported by Mayer it appeared that a disproportionate 
number of subjects of high intelligence ability and motivation were used. 
This fact was recognized as a limitation by Mayer as was the type of study 
included in which the specific instructional and outcome variables would 
only apply to particular problem solving situations. Most studies were 
short-term clinical studies instead of long-term field studies in actual 
classrooms. 
A summary of the studies completed as reviewed by Mayer is included 
according to each of the external features and according to those which 
would be of interest to this research project. 
1) amount and type of direction 
2) sequencing of instruction 
3) continuity 
4) control of rate and order of 
internal activity and 
^performance of the subject 
presentation 
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Amount and sequencing of direction, internal activity and performance 
The lack of coordination among studies due to the varying definition 
of the instructional method provides no conclusive findings related to the 
effect of amount and sequencing of instruction on learning. 
Katona's study using card tricks, Craig's study which required the 
subject to find the word in a series which did not belong with others and 
Wittrock's decoding experiment are examples of studies done to see how 
much direction subjects need in order to recall and transfer information 
which were cited by Mayer (1972). 
An example of these types of experiments was a decoding experiment 
was one carried out by Wittrock in which students were taught to decipher 
sentences as HRNTME DTCEON RKPAHE which translated as MEN THRONGED THE 
PARK. Some students were told the rule and the correct answer, others 
were told the rule to use only, some were given the correct answer and no 
rule with a final group receiving no clues. Three weeks following the 
experiment, students were tested for retention (same principles, same 
examples), near transfer (same principles, new examples), and far transfer 
(new principles, new examples). The group which had originally been given 
a rule to use in solving the problem and no answers consistently did 
best. The group which had originally been given no rule and no answers 
had the lowest scores on all tests. 
Mayer developed generalizations for further study based on studies of 
the effect varying amounts of direction had on retention and transfer. 
Transfer refers to the ability to apply a rule, principle or generaliza­
tion in the appropriate instances. 
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Of particular interest were Mayer's generalizations regarding the 
mental activity of the student as a result of the amount of direction 
given. If an answer is given to a student, for example, he/she is less 
likely to see where it might apply in other situations. If you give the 
student too little direction, he/she might be "cognitively involved" 
meaning to have a mental set but still never come into contact with the 
content to be learned. If a method for answering the problem situation • 
is given to the student he or she is likely to come into contact with the 
content and be "cognitively involved" as well. 
Sequencing of direction, internal activity and performance 
Mayer saw a second major dimension of instructional method as the 
sequencing or ordering of direction. He concentrated his summary of the 
research on inductive versus deductive sequencing of direction. 
Mayer (1972) reported that Worten used two methods to teach children 
mathematical concepts. One was a "discovery" method involving presenta­
tion of examples for subjects to solve followed by verbalization of the 
required principle or concept which would be termed an inductive sequence. 
The "expository" method began with verbalization of the required concept 
or principle followed by examples for the subjects to solve which could be 
termed a deductive sequence. 
There were significant findings related to the two treatments in 
Worten's study. In the measure of learning ease, the inductive (discovery 
group) was inferior to deductive (expository group). For measures of 
long-term retention, the inductive treatment was superior to the deductive 
treatment (expository group). The measure of transfer of knowledge, 
showed the inductive treatment superior to the deductive treatment. 
Many of the studies related to the deductive/inductive question show 
that each treatment supports different learning outcomes. The inductive 
treatment tends to support poor near transfer (application similar to that 
presented in the class) but good far transfer (application unlike that 
presented in class) while the deductive treatment tends to support good 
near transfer but poor far transfer. 
Wolfe, cited by Mayer (1972), presented the notion that sequencing of 
instruction (whether deductive or inductive) has its greatest influence on 
teaching puzzle-type tasks, and that the question of sequencing was less 
important for conventional text-lecture materials. This fact has not been 
established, however, according to Mayer. 
Mayer also cited the effect of questioning on the transfer ability of 
students based on research carried out by Ruthkopf. If questioning is the 
same for both modes of instruction (inductive and deductive), that is, if 
both groups are required to answer many questions during learning, the dif­
ference in the sequence of presentation will not make a substantial 
difference. 
Structuring of direction, internal activity and performance 
The third area which Mayer described was that of how the rule or 
concept was explained to students whether in a smooth, systematic, 
hierarchical manner which would minimize errors during learning or in a 
discontinuous, unstructured manner which could elicit far more errors. 
Bruner would be an advocate of the latter and Skinner with his reinforce­
ment theory would be an advocate of the systematic manner of teaching. 
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In a study by Wodtke, Brown, Sands and Fredericks which was cited by Mayer 
(1972) in which two types of material were presented—one a sequential 
program for number bases and the other a nonsequential program about the 
human ear. The order in which materials were presented for the program 
about the human ear had no effect on retention and application. However, 
when the number base program was presented to the student in a scrambled 
form there was an increase in learning time and errors. Many of the 
studies related to this idea were of very short term, involved mathe­
matical principles and what can be termed sequential material. 
One study cited by Mayer was related to the research reported herein 
in which students in the expository mode were told the generalizations 
prior to the lesson (termed advance organizers). Merrill and Stolurow 
found that presenting the subjects with an advance summary of five to-be-
learned principles stated in hierarchical order significantly reduced the 
number of learning errors and increased transfer performance by providing 
a structure for the learning. 
The amount of subject error during learning represents an important 
instructional method variable. Error can be categorized as that due to 
search for content material and error due to search of existing cognitive 
structures. 
Mayer concluded that the search for content material results in 
differences in the quantity learned. Subjects who are given material in a 
scrambled order learn less than those given the material in a normal 
order. The search by students for a cognitive structure usually results 
in qualitative differences in what is learned. Since most of the studies 
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Mayer reviewed used a guided discovery mode rather than pure discovery, he 
maintained that differences in results were probably due to the quantity 
learned because a cognitive set would have been established by the 
teacher. 
Control of direction, internal activity and performance 
The fourth dimension which Mayer (1972) described as being of impor­
tance to any study regarding learning is the degree of learner versus ex­
perimenter control of the rate and order of presentation. By this Mayer 
means a closer investigation of the relation between learner activity (in­
ternal activity) and learning outcomes given varying amounts of control. 
He feels that there is insufficient literature on this aspect of instruc­
tional methods. The research that Mayer did cite in the area was related 
mostly to use of teaching machines and programming learning which were not 
similar to the methods used in this study. 
Classroom Application of Beliefs Regarding Instruction 
In view of the criticisms of past research on instructional methods, 
particularly that of the type of content taught--whether math rules, 
problems to decode, or card tricks to decipher--a need was evident for 
research carried out in the actual classroom dealing with concepts and 
generalizations taught within a unit of study as one might choose to do 
for a high school home economics course or other course dealing with 
nonrule types of content. Admittedly one can draw conclusions regarding 
instruction from clinical problem solving studies, however, there is a 
need to verify these findings in the classroom. 
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The work of educational theorists has been adapted for classroom use 
by Joyce and Weil (1972) and grouped into four "families" representing 
different orientations toward man and his universe as follows: (1) those 
oriented toward social relations and toward the relation between man and 
his culture and which draw upon social sources; (2) those which draw on 
information processing; (3) those which draw on personality development, 
the processes of personal construction of reality and the capacity to 
function as an integrated personality as the major source; and (4) those 
developed from an analysis of the processes by which human behavior is 
shaped and reinforced. 
The works of theorists categorized under information processing 
systems was selected for this study. Joyce and Weil (1972) identified 
four sources from which information processing literature is available as 
follows: developmental studies of the intellectual capacity of the human 
being as that of the work of Jean Piaget; conceptualizations of mental 
processes as in studies of inductive and deductive reasoning and the work 
of Suchman and Taba; the work of learning theorists who have developed 
systems for enhancing particular kinds of information processing as that 
of concept learning and the works of Ausubel and Bruner, for example; and 
the scholarly disciplines as the Biological Sciences Study Committee which 
developed a model to be used, by secondary schools to teach major biologi­
cal concepts as well as a system of inquiry. 
Bruner, Ausubel, Taba and Suchman were theorists identified by Joyce 
and Weil (1972) as being concerned with how individuals process informa­
tion. Bruner and Ausubel possess somewhat divergent views toward concept 
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learning and hence formed a basis for the research reported herein as 
described earlier in this chapter. Joyce and Weil (1972) developed what 
they termed the concept attainment model for classroom use based on 
Bruner's ideas. A summary chart of that model is shown as well as a 
summary chart of the way Ausubel's Advance Organizer Model could be 
carried out in the classroom. The terms syntax, principles of reaction, 
social system and support system were used to describe the model and are 
defined as.follows: 
Syntax - This is a description of the model in action or the activi­
ties which typify the particular educational environment 
belonging to each model. 
Principles of Reaction - This is included to help the teacher select 
the reaction to make as his/her interaction with students 
emerges. 
Social System - This describes the kinds of student-teacher roles in 
the classroom, the hierarchical relationship or authority 
relationship and the student behavior that is rewarded. 
Support System - This describes the condition necessary for the 
existence of the model. This could be the role specifica­
tions for teachers or the experiences needed to carry out 
the model. 
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Summary chart: Concept Attainment Model (Joyce and Weil, 1972, p. 121) 
Syntax: Phase One Phase Two 
Concept attainment games. 
Present data—indicative 
positive and negative 
exemplars. Students specu­
late about the concept, 
comparing and contrasting 
their hypotheses. Addi­
tional exemplars may be 
present until concept is 
identified. 
Analyzing strategies. 
Students analyze their 
strategies for attaining 
concepts in Phase One. 
Phase Three Phase Four 
Analyzing concepts from 
unorganized data. Stu­
dents analyze given con­
cepts for their attri­
butes from unorganized 
data, material is pre­
sented, and identifica­
tion of exemplars is 
done by the students (as 
in the analysis of his­
torical documents). 
Analysis of the process. 
Practicing concept forma­
tion. Formation of con­
cepts, teaching and de­
fense of concepts. 
Analysis of process. 
Principles of 
Reaction: 
Social System: 
Support System: 
Supportive. In Phase Two must turn discussion to con-
cept-attainment strategies. Care must be taken to be 
sure students are clear about their task in Phase One. 
Moderate Structure. Teacher controls action, but it 
may develop into a free dialogue within phases. 
Data are needed in the form of discrete units that can 
be labeled as exemplars. Or--as students become 
sophisticated, they can share in making of data units 
(as when analyzing a document). 
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Summary chart: Advance Organizer Model (Joyce and Weil, 1972, p. 179) 
Syntax: Phase One Phase Two 
Presentation of organizer. Presentation of verbal 
material to be learned. 
Principles of Teacher is seen as presenter. No consistent princi-
Reaction: pies characterize the model. 
Social System: High Structure. Teacher defines roles and controls 
norms. Learner roles carefully defined. 
Support System: Development of organizer and system for presenting it 
is crucial. Material, however, must be organized so 
it pertains to the organizer. 
Gagné (1971) noted that the conditions of learning for a principle 
or generalization are not the same as those for a concept. The most 
outstanding differences are that: 1) the concepts which make up a 
principle must be already learned, 2) there is no requirement to illus­
trate the principles by two or three examples, and 3) it is possible to 
discover a principle but pure discovery does not usually occur without 
verbal guidance in concept formation. The characteristics of the learning 
situation for principles are first that the concepts of which it is com­
posed must be previously learned and second that the principle is either 
stated verbally or discovered by the learner. The acquisition of the 
principle is tested by asking the student to demonstrate the application 
of the principle to a particular case which he has not encountered during 
the learning (p. 300). 
A teacher who wishes to teach a concept should follow a much differ­
ent set of procedures than if he/she is teaching a skill or generaliza­
tion. A generalization states some abstract relationship among several 
concepts and as. such is more complex than any single component concept 
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according to Browne!1 and Hendrickson who were quoted by Martore11 a 
(1972). 
Students are likely to already have been acquainted with many of the 
concepts in a particular subject matter but not be acquainted with 
statements of truth regarding the concepts and relationship between con­
cepts, For this reason two models which lead to generalizing as described 
by Joyce and Weil (1972) are included. The inquiry training model was 
developed by Suchman and the inductive training model was developed by 
Taba. 
Summary chart: Inquiry Training- Model (Joyce and Weil, 1972, p. 150) 
Syntax: Phase One Phase Two Phase Three 
Encounter with the Inquiry through Analysis of 
problem. questioning, ver- inquiry. 
bal or actual ex­
perimentation and 
generation of 
hypotheses. 
Principles of The teacher: 
Reaction: 
1. insures that questions are phrased so that they can 
be answered in yes or no and that their substance 
doesn't require the teacher to do the inquiry. 
2. acts to provide a free intellectual environment. 
3. responds to learners' requests for information and 
provides maximal stimulus for inquiry by focusing, 
refocusing, or summarizing the inquiry. 
Social System: Highly structured. Teacher is the controller of the 
interaction and prescribes the inquiry procedures. How­
ever, the norms of inquiry are those of cooperation, 
intellectual freedom, and equality. 
Support System: The optimal support is a prepared set of confronting 
materials and a training agent who understands process 
and strategies of inquiry. 
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Summary chart: Inductive Teaching Model (Joyce and Weil, 1972, p. 136) 
Strategy One: Concept Formation 
Syntax: Phase One Phase Two Phase Three 
Enumeration and Grouping. Labeling cate-
listing. gories. 
Strategy Two: Interpretation of Data 
Identifying dimen- Explaining dimen- Making inferences, 
sions and rela- sions and rela­
tionships. tionships. 
Strategy Three: Application of Principles 
Phase Seven Phase Eight Phase Nine 
Hypothesizing Explaining and/or Verifying the 
predicting conse- supporting the prediction, 
quences. predictions and 
hypothesis. 
The principle of reaction of the teacher in the Inductive Teaching 
Model is one of monitoring the ways in which students are processing in­
formation and using questions to move them along. 
The social system is one of a cooperative classroom with much pupil 
activity with the teacher as the major controller of information. 
The Support system needed for the model described above is mainly 
large amounts of data upon which students can draw. 
The models described in this section which were based on the work of 
Bruner, Ausubel, Suchman and Taba as described by Joyce and Weil (1972) 
provide a basis from which to work in translating theory into practical 
classroom application. 
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Given the view of theorists regarding learning, research finding, 
models for classroom teaching and criticism of studies regarding learning 
by discovery, particularly that of the need for field studies using actual 
classroom situations, a theoretical framework was developed for the study 
reported herein and described in detail in Chapter III. 
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CHAPTER III. METHOD OF PROCEDURE 
The major purpose of this study was to establish the level of cogni­
tive functioning and attitude of students and classes taught by two dif­
ferent modes of instruction: Expository and Guided Discovery. 
This study was part of a broader departmental research and develop­
ment project concentrated on exploration of methods of effective teaching. 
Hypotheses for the study were the following: 
1) Achievement scores for students and classes receiving an Exposi­
tory Mode of instruction will not differ significantly from 
achievement scores for students and classes receiving instruction 
in a Guided Discovery Mode. 
a) Achievement scores measuring the ability to recall for students 
and for classes receiving an Expository Mode of instruction 
will not differ significantly from achievement scores measuring 
the ability to recall for students and classes receiving a 
Guided Discovery Mode of instruction. 
b) Achievement scores measuring.ability to apply knowledge for 
students and for classes receiving an Expository Mode of in­
struction will not differ significantly from achievement score 
measuring ability to apply knowledge for students and classes 
receiving a Guided Discovery Mode of instruction. 
2) Attitudes toward energy conservation/management of students and 
classes receiving an Expository Mode of instruction will not 
differ significantly from attitudes of students and classes re­
ceiving a Guided Discovery Mode of instruction. 
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A description of the preparation of the modules, design selection, 
assumptions and limitations of the study, sample selection procedures, 
data collection, instrumentation and statistical procedures is included in 
this chapter. 
Theoretical Framework for Teaching Modes 
This section includes the components of the review of literature 
which were synthesized and further developed to form a theoretical frame­
work for the two modes of instruction used for this study: Expository and 
Guided Discovery. 
Theories of concept development 
A basis for dealing with the content in the two modes of instruction 
was theories of concept development. Conflicting ideas exist regarding 
the development of concepts in the classroom. The ideas of Bruner and 
Ausubel were contrasted in the review of the literature. Learning by 
discovery, or the hypothetical mode as it is termed by Bruner (1965), has 
precisely the effect upon the learners of leading them to organize what 
they encounter in a manner not only designed to discover relatedness of 
concepts, but also to aid retention. 
Ausubel (1963), in contrast to Bruner, contends that concepts may be 
presented to students in an expository manner. He does not share the en­
thusiasm for discovery learning and has presented a point by point critique 
of that position in which he recognized that learning by discovery has its 
"proper place in the repertoire of pedagogic techniques," but denies that 
it has extraordinary advantages that cannot otherwide be achieved. 
This study was not devoted to concept development to the extent of 
some research projects. This was particularly true within the Expository 
Mode of instruction in which the concepts were integrated into the ex­
pository sequence. Nonetheless, the beliefs of Ausubel, Bruner and Burton 
led to the research objective of establishing the level of cognitive 
functioning and attitude of students and classes taught by the two dif­
ferent modes of instruction. Expository and Guided Discovery. 
Selection of experiment setting and teaching time 
A field testing situation was used in an attempt to answer the re­
search questions. Carroll (1969) pointed out that a large amount of 
laboratory research on concept learning and utilization has been done, but 
that there had been little work on the process of teaching concepts in the 
actual classroom. Concept formation literature sometimes shows little 
value for the teaching of concepts in school. By the time the researcher 
wends his or her way through the detailed problems posed by methodology 
itself, relevance of the research to the learning of concepts in the 
various school subjects is somewhat obscure. Carroll saw a need for con­
cept attainment studies giving attention to the manner in which real-life, 
nonartificial concepts could be taught most effectively. 
Cronbach, in Learning by Discovery: A Critical Appraisal (1966), 
recommended at least sixteen hours of instruction in order to adequately 
test the effectiveness of the methods used. He contended that some of the 
advantages claimed for discovery in past experiments may arise from its 
novelty and that experiments lasting at least a semester are needed. Due 
to the nature of the study in which the regular classroom teacher's 
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schedule was interrupted for the treatments, the present study was planned 
to cover 10 hours of instruction. 
Model selected for development of modules 
Kersh and Wittrock (1957) provided a visual description of the phases 
in the learning process used to build a framework for this research (see 
Figure 1). According-to these authors, formal steps in learning are de­
termined by the teacher. The discovery phase of learning occurs between 
points A and B. Point B marks the place at which the learner first makes 
the required responses, with or without help from the teacher. 
Required Testing for Testing for 
response immediate recall retention 
A B C  D  
Discovery Postdiscovery Retention 
practice interval 
Figure 1. Formal phases in the learning process used for the Kersh 
experiment. 
Starting at B in the learning process the students are memorizing or 
acquiring increased skill in using whatever was ascertained at B. They 
could be learning to transfer to new situations, to make discriminations 
or to increase the rate of their responses. 
Point C, according to these authors, designates the end of formal 
practice, after which the teacher no longer has direct control over the 
learning process. Formal testing may begin at C and is termed immediate 
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recall. If another test is given after a designated time interval, the 
test would occur at D in the learning process. 
The research reported herein was culminated at point C with the use 
of a device to measure students' attitudes toward energy use and an 
achievement test to measure student recall of facts and ability to apply 
knowledge. 
Requiring the student to begin at point A is described by Kersh in 
the study which he carried out as learning by discovery. Requiring the 
student to start at B is described as directed learning or learning by 
reception with any intermediate type of learning described as guided 
discovery (see Figure 2). 
Discovery: A B C D (test for B) 
Guided Discovery: A B C D (test for B) 
Directed: B _C D (test for B) 
Figure 2. Framework for Kersh experiment. 
The present study included the directed mode, termed Expository, and 
the Guided Discovery mode of instruction. 
In order to develop a framework for the two modes of instruction for 
this study, it was necessary to define point B. Kersh defined point B as 
the time in which the student first makes the desired response. For this 
study, formation of the generalization was selected as the point signify­
ing that the student had achieved the desired response. The model used is 
shown in Figure 3. 
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Formation of the 
generalization 
B 
Test for recall 
and application 
Guided Discovery: A C 
Expository: B C 
Figure 3. Framework as adapted for the study reported herein. 
Justification for the importance placed on generalizing 
The difficulties in studies of learning by discovery have been recog­
nized as the disparity in research findings. Disparities are due to lack 
of a definition for the term discovery and to lack of experimental repli-
Keislar and Shulman (1966) noted in the summary of their conference 
on learning by discovery that examination of both the exhaustive reviews 
of literature and deliberations of the conference led to an inescapable 
conclusion: The question of the effectiveness of discovery learning is 
not amenable to research solutions because the implied experimental treat­
ment, the discovery method, is far too ambiguous and imprecise to be used 
meaningfully in an experimental investigation. 
Strike (1975) offered criticism of previous research regarding dis­
covery, but in addition offered insightful recommendations for future 
research to avoid the errors made by researchers who, for example, 
attempted to define discovery as increased participation by the student, 
the method opposite rote, a method in which students learn independently, 
and/or that involving a minimum of teacher verbal presentation. Strike 
cation. 
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views such descriptions of discovery as accidental features of the concept 
that offer little aid when attempts are made to do classroom studies re­
garding discovery learning. 
Strike's solution to this research difficulty was the identification 
of the term "verification" as the center of the discovery concept. Veri­
fication is related to epistemology or how one distinguishes truth from 
error. An individual may verify a hypothesis or come up with a hypothesis 
to verify according to Strike. This verification point is a prior ques­
tion and is one which the subject matter specialist may establish since 
discovery rules differ from discipline to discipline and with levels of 
difficulty within a discipline. The verification point chosen for this 
study was the student's ability to arrive at the generalization since 
generalizing is viewed as a desirable learning outcome in home economics 
(American Home Economics Association, 1967). 
The decision to use generalizations as the focal point corresponded 
with Anderson's (1969) differentiation between the two modes of instruc­
tion which was as follows: In the discovery procedure the student is 
presented with examples from which he is to infer a rule, concept or 
principle while in expository (directed) instruction the student is told 
the rule before he sees it exemplified. 
The study reported herein was not totally devoted in inductive pat­
terns for the Guided Discovery Mode of instruction as Anderson's définie 
tion of the discovery procedure implies. The question of inductive and 
deductive learning is a research question in and of itself but not the • 
emphasis of this study. 
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Given the definition of point B on the model developed for this 
study, the question became one of describing the occurrences between 
points A and C in the Guided Discovery Mode and points B and C in the 
Expository Mode (see Figure 3). The remainder of this section of the 
chapter provides the description of occurrences between points A and B 
on the model. 
Commonalities in the Expository and Guided Discovery Modules 
Topics and generalizations selected for the modules were the same for 
both modes of instruction. Since generalizing was of major importance for 
both modes of instruction, the next section of this chapter is concen­
trated on the selection and validation of the topics and generalizations. 
A listing of topics, generalizations and objectives is included in 
Appendix B. 
Objectives were written at two levels in terms of the requirement for 
student responses; low cognition and high cognition. The low cognition 
objectives were primarily knowledge level as defined by Bloom (1956) 
while the high cognition objectives were for application or above. Bloom 
defined knowledge as those behaviors and test situations which emphasize 
the remembering, either by recognition or recall, of ideas, materials, or 
phenomena. Application, as defined by Bloom, requires that given a 
problem new to the student, he/she will apply the appropriate abstraction 
without having to be prompted as to which abstraction is correct or with­
out having to be shown how to use it in that situation. 
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These objectives formed the basis for the Energy Management Achieve­
ment Test which had a knowledge subset and an application subset. The 
total test and the subsets were devised for the research question of 
whether students' retention and/or transfer ability were better as a re­
sult of one of the modes of instruction. Instrumentation is described in 
more detail in subsequent sections of this chapter. 
Assignments and printed materials were the same for students in both 
modes of instruction. 
It was necessary to develop many of the materials used to teach in 
each mode since there was a dearth of prepared resources directly related 
to the topics selected that were for high school level home economics 
students. An example of the type of material prepared was a slide/tape 
description by an architect who helped design a solar home to be erected 
on a local site. This represents the attempt to fit the examples to the 
learners' environments. Although many of the materials were similar, the 
way in which they were used varied. Descriptions of the two modes follow. 
Description of the Expository Module 
Lessons in the Expository Mode were begun with advance organizers in 
the form of principles and generalizations as suggested by Ausubel and 
Fitzgerald (1965), who showed that introductory material, which they termed 
advance organizers, facilitated meaningful verbal learning and retention. 
Only methods in which it was possible to show or tell the information 
to the student were used to convey the content of the generalization. 
Lessons were varied as much as possible while keeping within the 
Expository Mode in order to carry out the 10 days of teaching with the 
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least dissatisfaction on the part of students. This was done mainly with 
the use of various commercial media supplies as well as media devices de­
veloped for the project. 
The teacher controlled the rate in which the content was covered. 
Questioning followed the guidelines for questioning provided by Sanders 
(1966) who based his outline of questioning types on Bloom's (1956) 
taxonomy of cognitive objectives. Questions were limited to those re­
quiring the student to recall or recognize information or to translate 
what had been communicated by the teacher into his/her own words. 
Knowledge and comprehension level objectives guided the lessons in 
the Expository Mode. These objectives are included in Appendix B. 
Efforts were made to avoid student application of the content covered in 
the lessons; however, the realities of the field teaching situation 
necessitated the use of assignments to provide the regular classroom 
teacher with a product from each student. Assignments, for the most part, 
aided student comprehension rather than requiring application. Compre­
hension was defined by Bloom as including those objectives, behaviors and 
responses which represent an understanding of the literal message con­
tained in a communication. 
Description of the Guided Discovery Module 
The topics and generalizations for lessons making up the Guided 
Discovery Module were the same as those for the Expository Mode of in­
struction (see Appendix B). Application level objectives provided 
guidance for the planning of learning experiences in this mode, while in 
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the Expository Mode the knowledge and comprehension level objectives 
guided the classroom activity. 
Learning opportunities were planned to lead to student discovery of 
generalizations. Questioning by the teachers was a very important part of 
the lessons in this mode as was questioning by students. Key questions 
were in the interpretation and application category. The essential 
characteristic of interpretation as defined by Sanders (1966) is that the 
student relates facts, generalizations, definitions, values and skills. 
To relate, according to Sanders, means to discover or use a relationship 
between two or more ideas. Application questions presented problems that 
approximated the form and context in which they would be encountered in 
life. Selected lessons were built upon models of teaching described by 
Joyce and Weil (1972), which included the works of Taba, Suchman and 
Bruner. An elaboration on these models was included in the review of the 
literature. Timing for the Guided Discovery teaching was more difficult 
to predict than was time for lessons in the Expository Mode, necessitating 
the recognition of some content as optional. The chart on the next page 
shows answers to questions regarding the two modes of instruction. A 
sample lesson plan in each mode of instruction is.included in Appendix B. 
50 
Expository 
Guided 
Discovery 
What questioning types were 
used in the classroom? 
Who formulated the 
questions? 
Who sought the answers? 
How was the information 
obtained by students? 
Was the information 
applied? 
Were conclusions drawn? 
Who drew them? 
Were students told the 
generalizations? 
Who stated the generali­
zations? 
Narrow questions, 
only those re­
quiring knowledge 
and translation 
Teacher 
Teacher prior to 
teaching the con­
tent 
Reception, showing 
and telling the stu­
dent or through read­
ing material assigned 
No formal means for 
application were 
planned 
Yes, teacher in the 
form of a summary 
Advance organizers 
were used which in­
cluded the generali­
zations 
Teacher 
Broad questions re­
quiring interpreta­
tion and applica­
tion 
Student and 
teacher 
Student 
Guided inquiry 
Application was 
necessary for 
generalizing 
Yes, student with 
some direction from 
teacher 
Opportunities 
were provided to 
allow students to 
form the generali­
zations 
Student 
Content Selection and Validation 
Development of philosophy for content selection and attitude measure 
development 
Since the researcher for the project reported herein and the re­
searcher for the companion study were to apply the treatments in intact 
Iowa home economics classrooms, content needed to be appropriate for 
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inclusion in home economics classes, be relatively new and of interest to 
high school students. An effort was also made to choose a topic which the 
regular home economics teacher and administrator would find useful to the 
overall home economics program of the school. Though the main effects of 
interest in the study were the two treatments, a secondary goal of the re­
search and development project was a curriculum product would could be of 
value to secondary home economics programs. 
A review of the literature showed a very limited amount of curriculum 
material in the field of home economics that was devoted to the energy 
topic; in fact, no curriculum guide was located until the culmination of 
the research project at which time a guide was made available in working 
copy form by the Energy Research and Development Administration (1977). 
Research in home economics related to the topic which was available 
at the time of lesson development was basically centered on study of the 
effects the energy resource situation would have on families. One 
particular project in partial completion at the time of the module prepa­
ration entitled, "Functioning of the Family Ecosystem in a World of 
Changing Energy Availability" (Morrison, 1975), used a complex multi-
disciplinary systems approach to the study of what the authors termed a 
complex economic, social, psychological and ecological phenomenon. 
According to Parker and Rubin (1966) the predominant value of a 
subject lies not so much in its accumulated information or its intel­
lectual artifacts but in its special way of looking at phenomena, its 
methods of inquiry, its procedures for utilizing research and its methods 
for systematic thought. 
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It was evident that a systems approach to energy and the family could 
logically guide module development. Vaines (1974) -proposed an Ecological 
Systems Framework representing a conceptualization for defining philoso­
phy, research, theory, practice and curriculum development in home eco­
nomics. The concepts related to energy were adaptable to this framework 
for curriculum development as was the systems approach of Deacon and 
Firebaugh (1975). One lesson of the modules was devoted to a systematic 
view of the energy situation. 
Thé systems approach to the energy situation for use with secondary 
students was a simplified model with individuals and families interfacing 
with technology, physical environment, the political and economic systems 
and social/cultural patterns. This dynamic view of the residential con­
sumer of energy also guided topic selection and development for the 
modules. 
It was necessary to further develop a philosophy regarding the con­
cepts appropriate to secondary home economics in order to select the 
topics to be included in the modules and to develop the attitude instru­
ment used for data collection. 
A philosophy of the stand which home economics should take regarding 
the energy situation was difficult to assume since few guidelines were 
available at the time the modules were prepared. New Direction in Home 
Economics (American Home Economics Association, 1975) listed "examining the 
effects of resource limitation on individual behaviors" as one of the goals 
of home economics; however, there was very little published which elabo­
rated on this goal.. A limited number of articles on energy were included 
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in the national publication of the American Home Economics Association; 
therefore, it was necessary to look to other sources to develop a framework. 
Thé following facts and beliefs guided the selection of topics for 
the modules: 
1) Families consumed one-fifth of the energy in the United States 
(Montgomery, 1973). The basic subject matter areas of home eco­
nomics (management, housing, equipment, foods and nutrition, child 
care and clothing) represent areas of consumption and decision 
making in energy management. 
This fact was tempered, however, by research carried out at the 
Washington Center for Metropolitan Studies and reported in a speech given 
at the National Agricultural Outlook Conference (Newman and Day, 1975) 
which showed that almost all households have a circumscribed choice about 
the most energy-related features of the house--the design, the furnaces 
and the water heater. The structure and built-in equipment are there when 
most all households buy or rent a dwelling. The choices households do 
have in purchasing equipment and appliances are choices of items which do 
not use much energy by themselves. This speaker contended that asking the 
residential consumer to conserve would not make that much impact and that 
business, government, regulators and consumers would have to recognize 
that small measures would not be equal to the large change in national 
habits that would be necessary. 
2) Basic content from the physical sciences was included by necessity 
in order to provide factual background for the study. 
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3) At the time of the research space heating consumed 69.5% of the 
energy used by residential consumers, excluding that used for 
transportation, according to Fowler (1975). This was the justifi­
cation for the concentration on topics related to conservation of 
home heating. 
4) At the time the energy management lessons were being developed, 
mandatory energy efficiency rating of selected appliances went 
into effect, supported by a public law which encouraged education 
of consumers in (1) the significance of estimated operating costs 
of appliances and (2) the way in which comparative shopping, in­
cluding comparisons of estimated annual operating costs, could 
save energy for the nation and money for consumers. One lesson 
was included on energy efficiency ratings of appliances as a re­
sult of these public policy decisions. 
5) The effect of energy on lifestyle was basic to the lessons in view 
of the role home economics can play in improving individual and 
family interrelationships with the environment and with society. 
6) Much related to the energy-use topic was very controversial at the 
time of this project. The intent of the research was not to teach 
students to deal with controversial ideas as is the case with some 
models of teaching; therefore, certain topics were simply acknowl­
edged as controversial. 
7) A positive approach toward the energy situation was characteristic 
of the lessons. Beneficial uses that have been made of energy 
sources were recognized as were instances of misuse. A preference 
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for more and better management of the resources available as 
opposed to extreme lifestyle change, as a result of energy 
shortages, was emphasized in the lessons. Alternative responses 
to the energy situation were recognized, however. 
The overall goal was to encourage secondary students to value and 
carry out individual and family conservation/management of the available 
energy supply and to consider use of alternatives to fossil fuel sources 
for the future. 
Topics selected 
Topics chosen are listed here in the form in which students received 
them in an introduction to the treatments given prior to teaching. 
What has been the history of energy use in America? 
What is energy? 
How does energy affect the way we live? What are alternative re­
sponses to the energy situation? 
Can we do much in our homes to conserve energy? 
How can we take a systematic look at the energy situation? 
How energy efficient are our appliances? 
Are our homes built to be energy conserving? 
What can we do to our homes to cut heating bills? 
Where can we turn in the future for energy? Will it change the way 
we live? 
Validation of content 
Validation of the content was necessary since truths in the form of 
generalizations were not available to the researcher. The series of 10 
lessons in each mode of instruction was judged for content validity by two 
experts in energy-related fields of study. Adjustments were made based on 
their recommendation. 
In addition, advice was sought from a minimum of one expert or prac­
titioner from an area of study related to each topic included in the 
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modules. Resource persons included agricultural engineers, architects, 
draftsmen, electrical engineers, household equipment specialists, a 
forest products specialist, home builders and dealers, housing special­
ists, individuals concerned with public policy as it related to the energy 
situation, a landscape architect, persons living in a variety of housing 
situations, physicists and utility company personnel. From the content 
selected, lesson plans were developed as described in the preceding 
section. 
Establishing Content Validity and Reliability of Teaching Methods 
Ten lessons in each mode of instruction were prepared, based on the 
theoretical framework used to guide lesson construction and the topics 
chosen as a result of a review of the literature regarding energy re­
sources and residential energy use. 
Lessons were written practically word for word for the Expository 
Mode of instruction to assure that both researchers were equally prepared 
in the subject matter. Content was presented directly from the expert 
with the use of various media forms in all possible instances for students 
taught in the expository mode, to assure content validity. Textbooks and 
other publications, demonstration samples, and media supplies were 
available for teaching in the guided discovery mode to assist student 
exploration. Content and modes of instruction were validated by two 
experts each in the areas of household use of energy resources and teacher 
education. 
Pilot testing of the modules was carried out in rural high schools 
which were not going to be included in the main study and which were 
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located near the university. The entire 10-day unit was taught in a 
housing class with selected lessons taught in each mode of instruction. 
Lessons in the Expository Mode were taught in another rural high school 
home economics class; lessons in the Guided Discovery Mode were taught in 
two other classes. 
This pilot testing was done to check the acceptability of the content 
to secondary students as well as to view student response to the re­
searcher's maintenance of a particular mode of instruction for a 10-day 
period of time. Pilot testing also provided the opportunity for the re­
searcher of the companion study and the researcher for the project re­
ported herein to attain reliability in carrying out the teaching modes. 
These two individuals were the teachers for the study. 
Each researcher observed the teaching of the other with resulting 
discussions and alterations in the teaching plans. A home economics 
teacher educator observed teaching in one school and evaluated taped 
lessons in order to validate the maintenance of the modes of instruction 
in the classroom setting. 
The main study was carried out in 12 Iowa home economics classrooms 
from January into early May, 1977. This length of time for carrying out 
the research necessitated the use of illustrative materials which could be 
kept by the researchers for that length of time and which were trans­
portable in order to maintain similarities in teaching from classroom to 
classroom. 
Various lessons were taped throughout the time of the teaching and 
checked by the project director for reliability of the researchers' 
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methods of carrying out the lessons. Each researcher also evaluated 
selected tapes of the co-researcher. Conferences were held to decide on 
the reaction to unexpected classroom occurrences. A discussion of student 
reaction and the research experience are included in Chapter IV, 
Schools which were a part of the main study and which agreed to the 
acknowledgment are listed in Appendix A. 
Design Selection 
Introduction 
It was necessary to manipulate the environment of students and 
attempt to control the associate variables which could contaminate the 
experiment in order to fulfill the research objective of establishing the 
level of cognitive functioning and attitude of students taught by two 
different modes of instruction: Expository and Guided Discovery. 
Decisions regarding each of the following had a bearing on the selec­
tion of the extended factorial statistical design and quasi-experimental 
research design used for the study: 
1) Independent variables selected; 
2) Setting in which the treatments were applied; 
3) Subjects chosen to receive the treatments; 
4) Teachers selected to apply the two teaching treatments; 
5) Dependent variables selected and measures administered to assess 
student achievement and attitudes. 
Independent variables 
The independent variables in this study were two modes of instruc­
tion, Expository and Guided Discovery. Additional possible reason 
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for variation in student and class responses to the two different modes of 
instruction were the effects of the two teachers who each taught in six 
classrooms, the sex of students, the total amount of time students and 
classes received the treatment, the ability of students and classes and 
all possible interactions of these variables. 
All variables were nested in the two modes of instruction with the 
exception of teachers which were crossed with the two modes. Since two 
treatments were administered in this study, no control group was used. 
Research setting and subjects chosen 
A field research setting (home economics classes of sophomores, 
juniors and/or seniors) was chosen to administer the two treatments to 
avoid the artificiality of the laboratory approach and to permit more 
ease in transferring methods and results to the actual classroom. 
The use of classrooms which constituted naturally assembled collec­
tives which could not be assumed to have pre-experimental equivalence 
introduced limitations to the study. Analyses, therefore, were carried 
out with two different experimental units, subjects and classes. Research 
guidelines are nonconclusive as to the proper unit to utilize; therefore, 
both conservatively and liberally estimated findings are reported in 
Chapter IV and V. A discussion of statistical control of experimental 
error is included in the statistical analysis section of this chapter. 
Experimental control of error was attempted through random assignment 
of teachers and modes of instruction to classes. However, classes were 
assigned to the two researchers in a random manner only to the point that 
the design would be altered, after which the assignment of researchers to 
classes was fixed to assure that 1) each researcher taught three classes 
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in an Expository Mode and three in a Guided Discovery Mode for a total of 
12 classrooms in the sample. A total of seven schools were part of the 
research. A single X in the figure shown marks the classes taught by each 
researcher to test the effect of the treatment on achievement and atti­
tudes. 2) Each researcher taught both treatments in one school to test 
Teacher A Teacher B 
Expository 
1 
Guided 
Discovery 
® 
Expository 
Guided 
Discovery 
2 ® 
3 ® 
XX 
® 
XX 
4 Q() 
XXX 
w 
XXX 
5 Q) 
XXX xx^  
6 (29 
7 © 
XXX 
® 
XX 
XXX 
the effect of treatments within experimenter. A double XX indicates 
classrooms meeting this qualification. 3) Both researchers taught in the 
same school to test the effect of treatments, between experimenters which 
is shown by triple XXX. Teacher A taught in an Expository Mode in School 
4 and Teacher B taught in the Guided Discovery Mode in that school. The 
same was true of School 5. In School 7, Teacher A taught in the Guided 
Discovery Mode and Teacher B in an Expository Mode. 
The research reported herein was statistically analyzed as if all 
treatments were randomly assigned to teacher and classes with the stipula­
tion that each teacher would teach 3 classes in each mode. The design 
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procedures as explained were necessary for the companion study and not 
used as a design basis for any statistical procedure in this study. The 
assignment of researchers is shown on the preceding page. 
According to Campbell and Stanley (1963), the distinction between 
true and quasi-experimental research is tenuous; however, the fact that 
it was impossible to assign students to the treatment at random since 
intact classrooms were used or to supervise classroom treatment occur­
rences as closely as one could in a clinical study, decreased the rigor 
of the experiment to the extent that the design could not be termed truly 
experimental. 
It appeared that the schools in the sample made no attempt to group 
students homogeneously. No classés were identified by the regular class­
room teacher as having any particular characteristic. 
Selection of teachers 
The researcher for the project reported herein on classroom treat­
ments and the co-researcher were the teachers who applied the treatments 
in the classrooms selected. Each classroom received instruction in one 
mode only from one teacher only. Each teacher taught three classes in 
each mode. 
Having the same teachers teach the lesson as in this research possi­
bly repeated many specific irrelevant features which could have created 
the effect rather than the methods of teaching having created the effect. 
If the regular classroom teacher were to have taught the lessons, each 
interpreting each method in her own way, the knowledge of what the ex­
perimental treatments were would have been better, according to Campbell 
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and Stanley (1963). Recommendations for other teachers in nonidentical 
representation of the treatment could have been made with more assurance. 
Justification for use of the researchers as teachers in each of the 
classrooms was based on the need for reliability in presenting the modes 
of instruction. In addition, the content was relatively new to secondary 
home economics teachers and would have required training in content as 
well as method if the regular classroom teacher were to have applied the 
treatments. 
The nature of the content for the modules required materials to sup­
port the teaching techniques, the cost of which would have been prohibi­
tive if duplication had been made for each of 12 regular classroom 
teachers. 
Dependent variables 
Measures used to test for the effects of each of the independent 
variables were as follows: 
1) Students/class scores on an attitude test given at the culmination 
of the ten days of teaching. A pretest to determine students' 
attitudes regarding the energy situation was given on the first 
day the researchers were in each classroom which was prior to the 
students receiving the treatment. 
2) Attitude gain scores. • 
3) Scores on the Energy Management Achievement Test devised by Njus 
(1977) who was the researcher for the companion study. 
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4) Scores on the two subsets of the Energy Management Achievement 
Test developed to (a) measure student/class recall of content and 
(b) measure student/class ability to apply knowledge. 
5) Grade point averages for students and classes. 
Design validity 
Use of a posttest only for assessing achievement with grade point 
averages as a measure of prior ability provided rigorous internal validity . 
which must, however, be considered tenuous in view of treatment assignment 
procedures and the variability of standards for grade point averages from 
school to school. 
Administration of both pre- and postattitude measures introduced the 
effect of testing as a threat to the internal validity of the study. The 
effect of history to the overall study was jeopardizing since the study 
covered a span of four months which was at a time of energy shortages and 
controversy over the content of a proposed national energy plan. 
Students were aware that they were a part of a university-related 
study which could have jeopardized the external validity of the study as 
could have sample selection procedures and the use of the two researchers 
to administer the treatments as discussed earlier in this section. 
Assumptions 
The field research setting necessitated assumptions related to the 
intact classrooms. Sizes of classes varied from 7 to 24 students; how­
ever, it was assumed that this would not alter response to the treatments. 
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Research shows that the guided discovery mode often consumes more 
class time than does the more direct expository mode of instruction. It 
was necessary to apply the two treatments with similar time limits and to 
assume that time for teaching using each method was equated. 
It was also necessary to assume that the guest teachers in the class­
room would have an interest in the methods and content similar to that of 
the regular classroom teacher. Further, it was assumed that guest 
teachers in the classrooms would have no positive or negative effect on 
student performance and that the subject matter was neutral as to teaching 
treatment applied. 
The two week energy management modules were taught in the 12 Iowa 
classrooms from January through early May, 1977, during which time rather 
severe energy shortages occurred and controversial issues were debated 
daily in the media. It was necessary to assume that history would have no 
effect on student reactions. A calendar is shown in Appendix A. 
Since the study involved tests, it was assumed that the students 
understood the test items and test directions and answered the questions 
to the best of their ability. 
Limitations 
Findings from this study are applicable to rural Iowa home economics 
classes of 7-25 students. 
If the modes of instruction had been applied in classrooms for a more 
extended period of time, different results might have been produced. This 
could be particularly true of the Guided Discovery Mode. 
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There was a lack of control of sex difference in selecting the 
sample; however, sex of the subject was entered as a variable in all 
analyses by subjects in Chapter IV with results described as tenuous due 
to the small number of male subjects in the study. 
Classes responding to the request for participants in the research 
may have had characteristics different from other rural Iowa home eco­
nomics classrooms which failed to respond to the request thus threatening 
the external validity of the research. 
Sample Selection 
Sample selection procedures for the main study 
A total of 170 tenth, eleventh and twelfth grade high school home 
economics students comprising 12 classes in Iowa made up the sample from 
which data were collected. 
The original sample included 184 students. Foreign exchange students 
and students whose low grade point average indicated were outliers were 
eliminated leaving a total of 179 students in the sample. 
Nine of the 179 students in the sample had missing values for one or 
more of the five measures and were therefore eliminated from the analysis 
leaving a total of 170 observations on which findings were based. The 
number of classrooms remained intact at twelve. 
The total sample size was 161 subjects in any of the analyses in 
which the grade point average of the students was included. Parental 
permission was necessary for the researchers to gain access to grade point 
averages in some of the schools making up the sample. The researchers 
were not granted permission to attain the data in some instances. 
Freedom in setting sample selection criteria was limited by the human 
and environmental resources necessary for traveling to the schools to 
carry out the research as designed. Two researchers taught for a ten-day 
period with an eleventh day for testing in six classrooms each for the 
main study. A calendar for the pilot and main study is included in 
Appendix A. 
Criteria used for selecting the sample were as follows: 
1) Intact home economics classrooms within a 50 to 60 mile radius of 
Iowa State University. 
2) Classrooms of 8 to 30 sophomore, junior and senior high school 
students. 
3) Classrooms that could provide 11 days with the equivalent of 45 
to 60 minute periods each day in which the researchers could teach 
and administer tests. 
4) Schools which would provide access to students' records and in 
which the principal and teacher whose classroom would be in the 
research project were agreeable to the project. 
5) Classrooms serving primarily rural communities. 
6) Classrooms in which the energy management content would be 
acceptable. A preference was stated for teaching the lessons in 
housing classes in view of the content of the modules. 
A yearly report of the Home Economics Section of the Career Education 
Division of the Iowa Department of Public Instruction which listed the 
high school home economics programs in the state, subjects taught within 
each department, numbers of students in classes, grade level and sex of 
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students was used to prepare a listing of schools meeting the criteria 
used for selection. 
Schools were selected in a random manner from the list of those which 
met the criteria. Approval for involvement of schools in the research 
project was granted by appropriate Iowa Department of Public Instruction 
personnel. 
Letters were mailed to school principals and teachers explaining the 
nature of the research and describing the necessities for involvement in 
the project (see Appendix A). A form for agreement by the principal and 
teacher was included. Follow-up telephone calls were made to answer ques­
tions which teachers and administrators had regarding the project. 
A visit was made to the schools which had responded to the letter of 
request and which met the criteria to confirm plans with school officials, 
become acquainted with the teacher and the classroom setting and to plan 
for data collection on each of the students who would be involved. 
Even after agreements had been made between the researchers and high 
school personnel, it was necessary to make additional selections from the 
original listing of schools which had met the sample selection criteria in 
order to maintain the 12 classrooms necessary for the research. This re-
selection was due to unexpected occurrences in schools making up the 
original sample as classes not being offered by the home economics depart­
ment as planned, or absence of the regular classroom teacher due to ill­
ness. Schools, teachers and administrators of schools involved in the 
study are listed in Appendix A. Only those schools wishing to be recog­
nized are included in the listing. 
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Demographic data 
No attempt was made to equalize class sizes selected since intact 
class units were used. Class sizes ranged from 7 to 24 students. One 
class had 27 students; however, data were unavailable for 3 students. 
Eighty students received the Expository Mode of instruction and 90 re­
ceived the Guided Discovery Mode. Teacher A taught a total of 94 sub­
jects; 52 in the Expository Mode and 42 in the Guided Discovery Mode. 
Teacher B taught a total of 75 students; 28 in the Expository Mode and 48 
in the Guided Discovery Mode of instruction. 
Attempts were not made to equalize the number of male and female 
students in the study. Eleven male students received the Expository Mode 
of instruction; sixty-nine female students received instruction in the 
Expository Mode. Twenty-three male students received the Guided Discovery 
Mode of instruction; sixty-seven female students received instruction in 
that mode. The class sizes are shown by mode of instruction, teacher, and 
sex of students on the next page. 
The sample included 25 sophomore year high school students, 75 junior 
year students and 58 seniors. One student was not classified by grade. 
Since the verification point chosen to assume students had learned was the 
ability to generalize, the age of the students involved in the classroom 
treatment was an important consideration. 
According to Piaget, deriving general principles begins at the 
formal-operations state of development between the ages of eleven and 
fifteen years. Before this age students are unable to do actual scien­
tific investigations, and, in fact, are unable to make use of scientific 
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Female Male Total 
Expository Mode 
Teacher A 
47 5 52 
Expository Mode 
Teacher B 
22 6 28 
Guided Discovery 
Teacher A 
27 15 42 
Guided Discovery 
Teacher B 
40 8 48 
Total 136 34 170 
Expository Mode 69 11 80 
Guided Discovery Mode 67 23 90 
Total 136 34 170 
laws before the advances of the formal operations stage have been com­
pleted (Berlyne, 1967). For this reason sophomore, junior, and senior 
year high school classrooms were selected for the study. 
Efforts were made to equalize the amount of time each of the 12 
classes received the treatment by requesting that each class in the 
sample provides the equivalent of 11 teaching days with 45 to 60 minute 
periods each day for the research project to be carried out. Actual time 
for the treatment in each class varied from 315 minutes to 550 minutes due 
to unexpected occurrences as school assemblies which could not be con­
trolled in sample selection procedures for intact classrooms. Statistical 
control for the variation of time is described in the Statistical Analysis 
section of this chapter. 
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Times for the treatments are shown here by teacher and class. Class 
1 refers to the first class to receive the treatment; Class 12 refers to 
the last class receiving the treatment. 
Teacher 
Treatment time 
in minutes 
Class 1 A 315 
Class 2 B 550 
Class 3 A 405 
Class 4 A 405 
Class 5 B 480 
Class 6 A 500 
Class 7 B 520 
Class 8 A 520 
Class 9 B 320 
Class 10 A 500 
Class 11 B 500 
Class 12 B 500 
Many rural schools offer home economics housing classes only on 
alternating years; therefore, the original plan to teach the Energy 
Management Modules in housing classes could not be carried out. Titles 
of.the 12 classes in the sample are included here to show the treatment 
settings. 
Class 1 - Housing (modular schedule) 
Class 2 - Consumer Decision Making 
Classes 3 & 4 - Adult Living (modular schedules) 
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Class 5 - Child Development 
Class 6 - Senior Home Economics 
Class 7 - Textiles I 
Class 8 - Textiles II 
Class 9 - Adult Living 
Classes 10, 11 & 12 - Foods 
The variety of home economics classes in which the unit was taught 
did not appear to be a detriment to the study although concepts conveyed 
in the modules used for the treatments were not related to the content of 
the regular class in most instances. Though the content was dissimilar, 
attempts were made to schedule the treatments at an appropriate time in 
the regular classroom teacher's course sequence. 
Sample selection procedures for pilot testing 
Pilot testing of methods and materials was carried out in rural Iowa 
home economics classrooms which were not to be a part of the main study. 
Schools for the pilot study were selected because they were in close 
driving distance to the university and because the pilot testing would not 
be an interruption in the semester plan of the regular classroom teacher. 
Data Collection 
Each of the 12 classes involved in the study was visited prior to the 
research project to obtain permission for gathering background data on 
students. In most cases this necessitated conferring with the princi­
pal, guidance counselor and the classroom teacher. Parental permission 
for data gathering was solicited in those schools in which it was necessary. 
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Grade point averages for the semester prior to the time the treat­
ments were administered in the classes were collected for each student to 
determine group equivalence. All averages were based on a four-point 
scale. These data served as a control variable to measure student ability 
although it was recognized that there could be variance from one school to 
another. School identification numbers or numbers assigned to the student 
by the regular classroom teacher were used to assure anonymity of sub­
jects. Sex and grade level of the student were recorded. 
An attitude device was administered on the first and last days of the 
treatment in each school, before any teaching had been done, and at the 
culmination of the treatment in each classroom. Though no time limit was 
imposed, approximately 10 minutes were used for each administration of the 
attitude measure. Items on the attitude pretest were reordered for ad­
ministration as a posttest. 
Eleven periods, each 45-60 minutes, were scheduled for each class in 
the sample. Comparable amounts of time were scheduled for the schools on 
modular teaching plans. Ten of the eleven days were used for the treat­
ment with the exception of time needed for the pre- and postattitude 
measure. 
The eleventh class period in each classroom was used for student 
written reactions to the modules, data gathering for the companion study 
and to administer the Energy Management Achievement Test, a nontimed 'de­
vice prepared by Njus (1977). All measures were given immediately after 
the treatment with no efforts made in this study to allow an interval of 
time to pass to test retention. 
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A standard introduction varying according to the mode of instruction 
was given to the six classes taught in the Expository Mode and to the six 
classes taught in the Guided Discovery Mode. All classes were told that a 
test would be administered on the final day to assess what had been 
learned as a result of the lessons. 
Directions to students for responding to the attitude and achievement 
devices were standard for all classes. Efforts were made to assure that 
students worked individually on all measures. 
In no case did the regular classroom teacher, use test scores as a 
part of the student's grade. This was communicated to students if they 
requested this information. 
Students were eliminated from the study if data were missing for the 
attitude pre- or posttest or for the Energy Management Achievement Test. 
Students whose grade point average was missing were eliminated in any 
analysis using that variable. 
Nowhere in the report were specific schools or school personnel and 
students identified with findings. Such information was treated as confi­
dential. A letter requesting permission to acknowledge schools, princi­
pals and teacher involved is shown in Appendix A as is a listing of those 
who granted permission for acknowledgment. 
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Instrumentation 
Measure of achievement 
An objective referenced test, referred to as the Energy Management 
Achievement Test, was developed in conjunction with the companion study by 
Njus (1977), and is used to measure student achievement as a result of the 
two modes of instruction. A copy of the device is included in Appendix E. 
The test was made up of a knowledge subset and an application subset. 
Items making up the subsets are identified in Appendix E. 
Items were written to assess attainment of objectives in the modules 
which were at the knowledge and application levels as specified in the 
Taxonomy of Education Objectives Handbook I: Cognitive Domain (Bloom, 
1956). 
Items were judged by specialists in energy use and in evaluation for 
accuracy of response and for appropriateness for the Taxonomy levels. In 
addition, several trial administrations were made. The final form as used 
in the study contained 25 items with one or more items for each lesson at 
each level. 
Test quality vjas based on an N of 177. Difficulty level overall was 
52; levels for knowledge and application were .63 and .45 respectively. 
Mean discrimination index was .32. Only three items were lower than de­
sired .20, but positive; others ranged to .52. The reliability, estimated 
at .64 by the Spearman-Brown procedure, was judged acceptable for test 
length and intended use. Further description of the development of the 
test is included in research carried out by Njus (1977). 
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Measure of attitudes 
The purpose of the attitude scale. Use of Energy at Home, was to 
assess subjects' attitudes toward energy resource management. 
The instrument was developed to include the following components: 
control of.energy usage, rights related to energy usage, responsibilities 
related to energy usage, action to conserve energy, relative importance of 
conserving energy, and whether there is an energy problem. 
Forty-six students responded to an open-ended questionnaire based on 
the components listed above, and their responses were used in developing 
the initial Likert-type scale. Where possible, the items were stated 
exactly as the student responded. 
The items were judged as positive or negative by a graduate student, 
an extension agricultural engineer, and a professor of family environment, 
all of whom were well-versed on the issue of energy usage in the home. 
Thirty-three items were judged appropriate, approximately half of the 
items being rated positive and half being rated negative. A four point 
scale of degrees of agreement and disagreement was used. 
To determine the quality of the 33 items, 105 Iowa juniors and 
seniors in home economics classes not in the sample responded to the ques­
tionnaire. Each of the 104 questionnaires was scored using the four 
point scale consistent with the judges' assessment. The highest 25% (26 
questionnaires) and the lowest 25% (26 questionnaires) were identified for 
use in calculating the difference in mean responses of the two groups. 
The t values calculated for each item reflect the extent to which an item 
differentiated between the two groups. The level of significance utilized 
was 1.75 (Edwards, 1957). The seventeen items having the highest t values 
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and best reflecting the components of a positive attitude toward energy 
use were selected for the final instrument (see Appendix E). The 
t values for those items ranged from 2.25 to 6.67; the item with a 2.25 
value was retained to adequately measure one of the components. All other 
values were above 3.00. The reliability of the instrument was estimated 
at .84 using the Hoyt and Stunkard (1952) procedure. 
On the basis of the trial, quality of the instrument was judged 
adequate for use in the study. The section of this chapter on data 
analysis describes its use. 
Statistical Procedures 
This section describes the experimental unit selected, independent 
and dependent variables and the statistical models employed in the re­
search project. 
Experimental unit selection 
A question arose in this research project regarding the appropriate 
designation, whether classes or individual students, of the experimental 
unit. According to Cox (1971) the key to identifying the experimental 
unit is usually to recognize the broadest classification within a single 
treatment as an experimental unit. 
Those favoring classrooms as the experimental unit contend that in­
tact classrooms are assigned to treatments, not students; therefore, fewer 
chance events are employed than if individual students have been randomly 
assigned to the treatments. Student did not receive the treatment inde­
pendently of one another and, therefore, could have been affected by other 
events in the class at the time of the treatment. 
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Mayer (1972) in a review of research on problem solving criticized 
the reported findings of research completed by Worthen and others 
because the degrees of freedom for the statistical analyses should have 
been determined by the number of classrooms rather than the number of sub­
jects in the classes. Class means should be used as the basic observation 
and treatment effects should be tested against variations in these means, 
Mayer contends. 
Analyses for this study were completed with both classes and subjects 
as the experimental unit upon the recommendation of the researcher's com­
mittee members resulting in findings from conservative (N=12) and liberal 
(N=170) statistical procedures. 
One additional analysis was done nesting subjects in classes, teacher 
and methods. Findings were no different than those with subjects nested 
by teacher and methods only; therefore, no findings will be reported for 
that analysis. 
Independent variables 
The independent variables of interest in this study were two modes of 
instruction. Expository and Guided Discovery. Additional reasons for 
possible variation in student and class responses to the two different 
modes of instruction were the effects of the two teachers who each taught 
in six classrooms, the sex of students, the total amount of time students • 
and classes received the treatment, the ability levels of students and 
classes and all possible interactions of these variables. 
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Dependent variables 
Measures used to test for the effects of each of the independent 
variables were as follows: 
1) Student/class scores on an attitude test given at the culmination 
of the ten days of teaching. A pretest to determine students' 
attitudes regarding the energy situation was given on the first 
day the researchers were in each classroom which was prior to the 
students receiving the treatment. Attitudes toward energy manage­
ment which students had prior to receiving any treatment could 
have affected students' achievement and therefore could logically 
have been used as an independent variable; however, attitude 
scores were not analyzed in this manner, since the main interest 
of the research was in the effect of the two treatments on the 
attitude of the students. 
2) Attitude gain scores. 
3) Scores on the Energy Managment Achievement Test devised by Njus 
(1977) who was the co-researcher for this study. 
.4) Scores on the two subsets of the Energy Management Achievement 
Test developed to (a) measure student/class recall of content and 
(b) measure student/class ability to apply knowledge. 
5) Grade point averages for students and classes. 
Model for testing effects of modes of instruction and teacher 
A completely randomized factorial design was used in which each 
student or class, depending upon the experimental unit, received exposure 
to one treatment and one teacher only. The fixed effects linear 
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regression model used for the analysis by mode and teacher was: 
Xjjm = w ^ *1 + (ij) 
where 
li = grand mean of treatment populations 
= effect of treatment i whether the Guided Discovery Mode of in­
struction or the Expository Mode, which was a constant for all 
subjects within treatment population i 
gj = effect of treatment j, the teacher of the instructional modules 
which was a constant for all subjects within treatment population 
j 
= effect that represents nonadditivity of a^. and gj which is the 
possibility of interaction of mode of instruction and teacher 
Ej^(ij) = experimental error which is assumed normally and independently 
distributed 
Model for testing mode of instruction, teacher and sex of subject effects 
Experimental error in the completely randomized factorial design in 
the above model includes differences among the subjects/classes that 
existed prior to the experiment and variation in administration of the 
treatments. Attempts have been made to control for a part of these 
sources of experimental error by partialing out effects of the sex of the 
student. This could be done oh the analysis with subjects as the experi­
mental unit but not on the analysis by classes due to a lack of male 
students in some classes. When done with subjects, the findings were 
tenuous because of limited numbers of males. 
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The fixed effects linear regression model used for analysis with the 
sex variable included was as follows: 
Xfjm = % + +Ck+ aBjj + aC,j, + + E^(ij) 
where 
VI = grand mean of treatment populations 
= effect of treatment i whether the Guided Discovery Mode of 
instruction or the Expository Mode, which was a constant for 
all subjects within treatment population i 
3. = effect of treatment j, whether teacher A or B, which was a J 
constant for all subjects within treatment population j 
C, = effect of sex of subject on attitude and achievement scores K 
aB^.j = effect that represents nonadditivity of a. and Sj which is the 
possibility of interaction of mode of instruction and teachers 
aBC-= mode of instruction nonadditivity of a. and 6. and C. which is 
1 J  K  I  J  K  
the possibility of interaction of mode , teacher and sex 
aC^. = effect that represents nonadditivity of a^. and Cj^ which is the 
possibility of interaction between mode of instruction and sex 
of subjects 
6C.> = effect that represents nonadditivity of 3 and C which is the J K 
possibility of interaction between teacher and sex of subject 
for attitude and achievement scores 
E^^ij) = experimental error which is assumed normally and independently 
distributed 
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Model for use of analysis of prior ability as a dependent variable 
A view of the raw data suggested that students and classes receiving 
the two modes of instruction and randomly assigned to the two teachers 
might not have been representative of the true population in terms of 
ability levels as measured in grade point averages for the semester pre­
ceding the treatment. The regression model used to test this belief was 
as follows: 
"i-jm = ^ + Gj + GCij + S-jm 
where 
Xijm ~ grade point average 
y = grand mean of treatment populations 
a^- = effect of treatment i whether the Guided Discovery Mode of in­
struction or the Expository Mode, which was a constant for all 
subjects within treatment population i 
gj = effect of treatment j, the teacher of the instructional modules 
which was a constant for all subjects within treatment popula­
tion j 
= effect that represents nonadditivity of a^- and which is the 
possibility of interaction of mode of instruction and teacher 
E^(ij) = experimental error which is assumed normally and independently 
distributed 
Model for use of grade point averages and time as covariates 
Analyses of covariance using grade point averages of subjects and 
total time students received the treatment were used in additional efforts 
to control possible confounding experimental error due to individual 
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differences of subjects prior to the experiment and to variation in ad­
ministration of the treatments. The regression model used for these 
analyses was: 
Yijm'adj) = " e'w(X,j„ - X . . .) = u + a, + 6j + a6.. + E^(iJ) 
where 
Y^-j(adj) = adjusted criterion measure (scores for each of five 
dependent variables) 
j = unadjusted criterion measure (scores for five dependent 
variables) 
3'w = common population linear regression coefficient for treat­
ment levels (modes and teachers) 
Y.. = covariate measure for subject i in treatment population j 1 jm 
"X = covariate sample mean (grade point average mean or time) 
y = grand mean of criterion treatment populations (each of 5 
dependent variables) 
a^- = effect of treatment i whether the Guided Discovery Mode of 
instruction or the Expository Mode, which was a constant 
for all subjects within treatment population i 
gj = effect of treatment j, which is constant for all subjects 
in treatment population j 
ag.. = effect that represents nonadditivity of a. and g. which is IJ : J 
the possibility of interaction of mode of instruction and 
teacher 
Ej^{ij) = experimental error which is assumed normally and inde­
pendently distributed 
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Model for use of grade point average as a^ discrete independent variable 
An assumption of the analyses of covariance model is that there is no 
interaction between variables. The researcher felt that an interaction 
which would be of interest in the study could exist between effects of the 
mode of instruction (treatment) and the grade point average of subjects. 
For example, lower ability students could have responded better in terms 
of achievement and attitude scores to one mode of instruction than to 
another. 
Grade point averages were dichotomized using the mean grade point 
average (2.56) for all subjects as the dichotomy point. This variable 
was then treated as a discrete independent variable using the following 
fixed effects randomized block factorial design: 
Xljm ' u + «1 + Gj + Ck + BCjfe + aeCjjk + 
where 
y = grand mean of treatment populations 
ctj = effect of treatment i whether the Guided Discovery Mode of in­
struction of the Expository Mode which was constant for all 
subjects within treatment population i 
g. = effect of treatment j, whether teacher A or B, which was con-J 
stant for all subjects within treatment population j 
C|^ = effect of grade point average dichotomized into those subjects 
<2.65 or ^ 2.66 averages 
agjj = effect that represents nonadditivity of a^. and which is the 
possibility of interaction of mode of instruction and teachers 
"Cik = effect that represents nonadditivity of a^. and which is the 
possibility of interaction between mode and grade point average 
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3C.. = effect which represents nonadditivity of g and C which is the 
possibility of interaction between teacher and grade point 
averages of students 
agC^j^ = effect that represents nonadditivity of a^., 6^- and which is 
the possibility of interaction between mode, teacher and grade 
point average 
E^(ij) = experimental error which is assumed normally and independently 
distributed 
Analysis of difference measure to test for attitude change 
Pretest scores on the attitude device were not appropriate for the 
analyses discussed thus far in this section. However, pre- and post­
attitude scores were used in an analysis of difference measure using 
conventional analysis of variance means. The difference measure is de­
fined as: 
»ij = 'ij - ''ij 
where 
j = the initial (pretest) attitude score 
= the dependent variate received after the treatment (posttest 
attitude score) 
This procedure was possible because the concomitant variable was of 
the same nature as the dependent variable. 
The source of statistical models was a publication by Kirk (1968). 
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CHAPTER IV. FINDINGS AND DISCUSSION 
The purpose of this study was to establish the level of cognitive 
functioning of attitudes of students in classes taught by two different 
modes of instruction: Expository and Guided Discovery. 
As explained in Chapter III there were two different units of obser­
vation, classes and subjects (students in the classes). 
Following statements of hypotheses, each set of analyses is reported. 
The first section of the chapter includes analyses with subjects in the 
study as the experimental unit. The sample size was 161 for any of the 
analyses in which grade point averages of subjects were used. All other 
analyses were based on a sample size of 170 subjects. 
The second section includes analyses with classes receiving the 
treatments as the experimental unit. Twelve classes made up the sample. 
A discussion of the findings and researcher reactions to the study is 
included in this chapter. 
Hypotheses 
The hypotheses that follow were generated for analysis by both 
classes and subjects. One hundred seventy students comprised the sample 
for the subject analysis and 12 classrooms comprised the sample for the 
analysis with classes as the unit of observation. 
1) Achievement scores for students and classes receiving an Exposi­
tory Mode of instruction will not differ significantly from 
achievement scores for students and classes receiving instruction 
in a Guided Discovery Mode. 
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a) Achievement scores measuring the ability to recall facts for 
students and for classes receiving an Expository Mode of in­
struction will not differ significantly from achievement scores 
measuring the ability to recall facts for students and classes 
receiving a Guided Discovery Mode of instruction. 
b) Achievement scores measuring ability to apply knowledge for 
students and for classes receiving an Expository Mode of in­
struction will not differ significantly from achievement scores 
measuring ability to apply knowledge for students and classes 
receiving a Guided Discovery Mode of instruction. 
2) Attitudes toward energy conservation/management of students and 
classes receiving an Expository Mode of instruction will not 
differ significantly from attitudes of students and classes re­
ceiving a Guided Discovery Mode of instruction. 
Analyses by Subject 
Findings for the analyses with subjects as the experimental unit are 
based on the following: 1) an analysis of variance for all subjects 
carried-out to test the effect of mode of instruction, teacher, sex and 
grade point average of subjects on scores on the attitude test, the Energy 
Management Achievement Test, the knowledge subset of the Energy Management 
Achievement Test and the application subset of the Energy Management 
Achievement Test, 2) the effects of two continuous variables, the amount 
of time students received the treatment and the prior grade point averages 
of students, using an analysis of covariance, 3) difference scores gen­
erated for the pre- and postattitude tests as tested by mode, teacher 
87 
and sex of subjects, and 4) an analysis of variance by mode and teacher 
with prior grade point average as a dependent variable. This portion of 
the findings chapter is divided into sections according to the dependent 
variables. Regression procedures were used for all analyses and partial 
sums of squares were used rather than sequential sums of. squares. 
Attitude posttest scores 
This section shows the effect of mode, teacher, sex, the amount of 
time students received the treatment and the prior ability of students on 
attitude posttest scores. Five tables are included to show the results of 
the analyses. 
Effect of mode and teacher When attitude posttest scores were 
analyzed for the effect of mode and teacher, a significant interaction 
(p<.01) between teacher and mode of instruction was found (see Table 1). 
Means were plotted showing that students receiving the Expository 
Mode of instruction from Teacher A had a higher mean attitude rating on 
the posttest than did those students receiving the Guided Discovery Mode 
from Teacher B (see Figure 4). The reverse was true of Teacher B with 
those receiving the Guided Discovery Mode of instruction achieving higher 
scores on the attitude posttest under her instruction than did those re­
ceiving the Expository lessons under her instruction. Mean scores are 
listed in Appendix C. 
Effects of mode, teacher and sex of subjects Sex of the subjects 
made a significant difference (p<.01) on scores received on the attitude 
posttest (see Table 2). 
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Table 1. Attitude posttest scores analyzed by mode and teacher (N = 170) 
Source^ df F P 
M 1 1.21 .27 
T 1 .21 .64 
M*T 1 9.16 .003** 
Error 165 
Total 169 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
**p<.01. 
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Figure 4,. Means for attitude posttest scores plotted by mode and teacher 
(N = 170). 
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Table 2. Attitude posttest scores analyzed by mode and teacher and sex of 
subjects (N = 170); female = 136; male = 34) 
Source® df F P 
M .08 .77 
T 1 1.61 .20 
X 14.34 .0005** 
M*T 1 o
 
00
 
.77 
M*X 1 .01 
CO 
T*X 1 1.69 .19 
M*T*X 1 5.87 .015** 
Error 162 
Total 169 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subject. 
**p<.01. 
Female subjects in the study totaled 136; males totaled 34. Out of a 
possible 68 points on the attitude posttest, the mean score for males was 
51.0 and for females 56.6. Attitude scores of female students toward 
energy management/conservation were significantly higher than those of 
males for both modes of instruction. Mean scores are listed in Appendix 
C. 
Because the number of male students was far fewer than female and not 
evenly distributed by teacher or by mode of instruction (see Appendix C), 
results should be considered tenuous. The fact that there was an inter-
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action between method and teacher when the sex variable was not included 
in the analysis (see Table 1) and that there was not method and teacher 
interaction when the sex variable was included but rather a 3-way inter­
action among variables suggests that some of the variance was due to the 
fact that sex acted as a moderating variable. 
The significant 3-way interaction (p<.01) existing among mode, 
teacher and sex variables for student response to the attitude posttest 
(see Table 2) suggests that much of the variance was due to the sex of 
subjects when taught by a specific teacher in a particular mode. Female 
students had higher posttest attitude scores in both modes of instruction 
than did male students when taught by Teacher A. Female students had 
higher attitude scores when taught by Teacher A in an Expository Mode than 
when that teacher taught in a Guided Discovery Mode. The reverse was true 
for male students when taught by Teacher A (see Figure -5). 
Female students had higher attitude posttest scores than male stu­
dents when taught in the Guided Discovery Mode by Teacher B. Male and 
female students had similar posttest scores in the Expository Mode when 
taught by Teacher B. Female students had higher attitude scores when 
taught by Teacher B in a Guided Discovery Mode than when that teacher 
taught in an Expository Mode. The reverse was true for male students 
when taught by Teacher B (see Figure 5). 
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Figure 5. Means for attitude posttest scores for two modes of instruction 
plotted by teacher and sex of subjects (N = 170). 
Numbers of subjects by mode of instruction, teacher and sex of stu­
dents are shown on the next page. 
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Mode Teacher 
Sex of 
students Number 
Expository A Female 47 
Expository A Male 5 
Expository B Female 22 
Expository B Male 6 
Guided Discovery A Female 27 
Guided Discovery A Male 15 
Guided Discovery B Female 40 
Guided Discovery B Male 
Total 
0 
170 
Time analyzed as a covariate The amount of time in which students 
were exposed to the treatments varied from 315 minutes to 520 minutes (see 
Appendix C). Time in minutes and by teacher and mode of instruction is 
shown in Figure 6. 
Mean scores on 
attitude posttest 
Average time 
in minutes 
Expository 
Teacher A 57 482 
Expository 
Teacher B 55 473 
Guided Discovery 
Teacher A 53 403 
Guided Discovery 
Teacher B 57 500 
Figure 6. Mean scores on the attitude posttest and time students received 
the treatment by mode and teacher (N = 170). 
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The response of students to the posttest did not vary due to the 
amount of time they received the treatment (see Table 3). Mode and 
teacher continued to interact as before when the effects of time for 
teaching in the two modes were partialed out; therefore, difference in 
time cannot explain the mode and teacher interaction. 
Table 3. Attitude posttest scores analyzed with time as a covariate 
(N = 170) 
Source^ df F P 
M 1 .72 .60 
T 1 .004 .95 
M*T 1 5.57 • .0183* 
Time 1 1.32 .25 
Error 165 
Total 169 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
*p<.05. 
Since an assumption of no interaction is made for analysis of co-
variance, an analysis was not done of the interaction of time with mode 
or teacher. 
Effect of mode and teacher with grade point average as a_ covariate 
(N = 161) Prior grade point averages of the subjects made a signifi­
cant (p<.05) difference in attitude posttest scores. The beta coefficient 
for grade point average and attitude posttest was .18, a positive value 
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indicating that subjects with higher grade point averages also tended to 
get higher scores on the posttest. The mode of instruction and teacher 
interaction remained significant (p<.01) when the effects of students' 
ability levels were removed, indicating that the ability of students was 
not clearly responsible for the interaction. 
Effect of mode, teacher and sex of subjects with grade point average 
as ^ covariate (N = 161 ; female = 128; male = 33) When the effects of 
prior grade point averages were controlled and shown to be significant, 
sex of the subject remained a significant variable (p<.01) in explaining 
differences in attitude posttest scores. The limited number of male sub­
jects makes this finding tenuous, however. The mode by teacher interac­
tion was also significant (p<.05) when the effects of sex of subject and 
prior grade point average were removed. 
Effect of mode and teacher with grade point average as ^ discrete 
variable Students were dichotomized based on grade point average into 
group receiving < 2.66 > 266. Grade point average was then treated as a 
discrete independent variable. Of primary interest was the possibility of 
an interaction between the mode of instruction and grade point averages of 
students; none existed for attitude posttest scores. Mean scores by grade 
point average are shown here: 
Mean Attitude Posttest Scores 
54.86 
Grade Point Average 
<2.66 
56.61 >2 .66  
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A significant (p<,01) interaction existed between mode and teacher 
(see Table 4); it was reported earlier with an analysis which did not take 
prior grade point into consideration. 
Table 4. Attitude posttest scores analyzed by mode, teacher and grade 
point average (N = 161) 
Source^ df F P 
M 1 .82 .63 
T 1 .50 .51 
M*T 1 10.98 .0015** 
GPA 1.51 .22 
M*GPA 1 .45 .51 
T*GPA 1 .01 .92 
M*T*GPA 1 .0001 .99 
Error 153 
Total 160 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; GPA = grade point average. 
**p<.01. 
Grade point average was a significant variable when treated with 
analysis of covariance but was not a significant factor when treated as a 
discrete independent variable as shown in Table 4. 
Effect of grade point average, mode, teacher and sex of subjects with 
grade point average as a discrete variable When sex of subjects was 
added (see Table 5) as a variable to the previous analyses by grade point 
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Table 5. Attitude posttest scores analyzed by mode, teacher, grade point 
average and sex of subjects (N = 161; female = 128; male = 33) 
Source® df F P 
M 1 O
 
ro
 
.89 
T 1 1.27 .26 
M*T 1 6.16 .01** 
X 1 12.79 .0008** 
GPA 2.87 .09 
M*X 1 .35 .56 
M*GPA 1 .59 .55 
T*X 1 1.04 .31 
T*GPA 1.04 .31 
M*T*X*6PA 1 .04 
00 
Error 150 
Total 160 
®The sources of variance are identified as: M = mode of instruction; 
T = teacher; GPA = grade point average; X = sex. 
**p<.01. 
average, mode and teacher (see Table 4), the mode by teacher interaction 
remained but the mode by teacher by sex interaction was nonsignificant. 
This is consistent with findings shown in Table 2. Sex of subjects was 
significantly different for the attitude posttest scores. The low number 
of male subjects makes the sex variable tenuous and findings suspect. 
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Atti tude change 
Attitude scores are reported by mode, teacher and sex of the subject 
in this section. The analyses of variance are shown in Tables 6 and 7, 
Effect of mode and teacher No significance was found by mode or 
teacher in change in attitudes from the time the pretest was given to the 
time the posttest was administered. A significant (p<.01) method by 
teacher interaction was found for attitude change scores (see Table 5). 
Table 6. Attitude change scores analyzed by mode and teacher (N = 161) 
Source® df F P 
M 1 .21 .64 
T 1 .74 .60 
M*T 1 12.02 .001** 
Error 157 
Total 160 
®The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
**p<.01. 
Students achieved greater attitude change when Teacher A taught in 
the Expository Mode of instruction than when she taught in a Guided Dis­
covery Mode (see Figure 7). The reverse was true of Teacher B. These 
findings are consistent with those found using analysis of variance for 
posttest scores alone (see Table 1). 
Effect of mode, teacher and sex of subjects When the sex variable 
(see Table 7) was added, findings were consistent with those found for 
posttest attitude scores alone when analyzed for the effects of teacher 
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Teacher B 
2.08' Teacher A 
C/) 
Teacher A 
.36 .50 
o Teacher B 
-.63 v/ 
-. 50 
i. 
Expository Guided Discovery 
Modes of Instruction 
Figure 7. Change score for pre- and postattitude measures by mode and 
teacher. 
Table 7. Attitude change scores analyzed by mode, teacher and sex of 
subjects (N = 161; female = 128; male = 33) 
Source^ df F P 
M 1 .92 , .66 
T 1 .05 .81 
X 1 .15 .69 
M*T . 3.04 .08 
T*X 1 1.25 .26 
M*X 1 .60 .56 
M*T*X 1.70 .19 
Error 152 
Total 160 
^The sources of variance are 
T = teacher; X = sex of subject. 
identified as: M = mode of instruction; 
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mode and sex (see Table 2) in that there was no longer a mode and teacher 
interaction. However, there were differences in findings in the two 
analyses in that there was no longer a mode, teacher and sex interaction 
when change scores were used for the analysis rather than posttest scores 
alone (see Tables 2 and 7), Use of the sex variable is tenuous because 
few males were a part of the research. Mean scores are shown in Appendix 
C. 
Effect of mode and teacher with grade point average as a_ covariate 
Amount of change in students' attitudes, as measured by a pre- and post­
attitude measure, was not related to the prior ability of students. The 
beta coefficient was -.04, a negative value. 
The method by teacher interaction remained significant when the 
effect of ability was removed (see Figure 7). 
Means are shown in Appendix C for the two analyses done for attitude 
change scores; that of the effect of mode and teacher and of mode, 
teacher and sex of subjects. 
Attitude pretest scores: Effects of mode and teacher with grade point 
average as ^ covariate (N = 161) 
A question of interest could be whether attitudes of students prior 
to the treatments (see Figure 8) varied with their academic ability as 
measured by grade point averages. 
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Mode 1 
Teacher A 
Mode 1 
Teacher B 
Mode 2 
' Teacher A 
Mode 2 
Teacher B 
Mean scores 
attitude 
pretest 
55 
55 
53 
55 
Mean scores 
attitude 
posttest 
57 
55 
53 
57 
Mean grade 
point average 
2.71 
2.47 
2.51 
2.88 
Grade point 
averaged 
for each mode 
2.59 
2.70 
Figure 8. Mean scores on attitude pre- and posttests and grade point 
averages by mode and teacher (N = 161). 
An analysis of covariance was carried out with grade point average as 
the covariate. Grade point average was found to vary significantly 
(p<.01) with attitudes toward energy held by subjects prior to treatment. 
The beta coefficient for grade point average was .23, a positive 
value, indicating that subjects with higher grade point averages also had 
higher scores on the attitude test given prior to any treatment. 
Grade point average analyzed as ^ dependent variable (N = 161) 
In each of the analyses for prior ability discussed thus far, grade 
point average has been treated as a possible confounding continuous varia­
ble. When the grade point average was treated as a dependent variable and 
analyzed by teacher and mode of instruction for all subjects using analy­
sis of variance, no significance was found; that is, that the students re­
ceiving each treatment and the students each teacher taught did not vary 
significantly in ability (see Table 8). 
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Table 8. Grade point average of subjects tested by mode and teacher 
(N = 161) 
Source^ df F P 
M 1 .99 .68 
T 1 .38 .55 
M*T 1 8.68 .004** 
Error 157 
Total 160 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
**p<.01. 
A significant (p<.01) mode by teacher interaction (see Table 8) was 
found indicating that modes and teachers were not ordered similarly to 
ability levels of students in the random assignment of treatments and 
teachers to classes. Means are plotted in Figure 9. 
Students taught by Teacher A in the Expository Mode had higher grade 
point averages and were assumed to have more ability than students whom 
Teacher A taught in the Guided Discovery Mode. 
Teacher B was randomly assigned students to be taught in the Guided 
Discovery Mode who had higher grade point averages. These students were 
assumed to have more ability than students Teacher B taught in the Ex­
pository Mode. 
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Teacher B 
2.88 
Teacher A 
2.51 
01— 1 1 
Expository Guided Discovery 
Mode of Instruction 
Figure 9. Mean grade point averages by teacher and mode of instruction 
(N = 161). 
Achievement test scores 
The following section includes findings related to student scores on 
the Energy Management Achievement Test. Tables 9 through 13 show the 
analyses that were carried out. 
Effects of mode and teacher No significant differences were found 
in achievement scores as a result of method, teacher or an interaction of 
these variables (see Table 9). 
Effects of mode, teacher and sex of subject When the sex variable 
was entered (see Table 10) into the above analysis, significant differ­
ences were found on achievement test scores for male and female students. 
2.90 
2.85 
2.80 
2.75 
Teacher A 
2.71 
2.70 
2.65 
2 .60  
2.55 
2.50 
2.45 2.47 
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Table 9. Achievement test scores 
(N = 170) 
testing for effects of mode and teacher 
Source^ df F P 
M 1 .76 .61 
T 1 .09 • .76 
M*T 1 .13 .72 
Error 166 
Total 169 
^The sources of variance are 
T = teacher. 
identified as: M = mode of instruction; 
Table 10. Achievement test scores analyzed by mode, 
subject (N = 170; female = 136, male = 34) 
teacher and sex of 
Source^ df F P ' 
M 1 .03 .84 
T 1 .23 .64 
X 1 16.71 .0002** 
M*T 1 .39 .54 
M*X 1 .65 .57 
T*X 1 .10 .75 
M*T*X 1 .16 .70 
Error 162 
Total 169 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subject. 
**p<.01. 
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The average score on the 26 item achievement test was 16.03 for male 
students and 13.21 for female students. As before, the reader should take 
into account that male and female students were not evenly distributed by 
teacher or mode of instruction. 
Time analyzed as a covariate The amount of time students were 
exposed to the treatments varied from 315 minutes to 520 minutes (see 
Appendix C). 
Energy Management Achievment Test scores of students did not vary as 
a result of the length of time the treatment was received for the varia­
bles in question (see Table 11). 
Table 11. Achievement scores analyzed by mode and teacher with time as a 
covariate (N = 170) 
Source^ df F P . 
M 1 1.03 .31 
T 1 .0002 .99 
M*T 1 .0002 .98 
Time 1 .68 .58 
Error 165 
Total 169 
^The sources 
T = teacher. 
of variance are identified as: M = mode of instruction; 
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The average amounts of time each teacher taught with each mode of 
instruction and mean grade point averages are shown here with correspond­
ing mean scores for the Energy Management Achievement Test. 
Energy Management Mean time Mean grade 
Achievement Test in minutes point averages 
Expository Mode c a r o  97 
Teacher A 
Expository Mode c ^79 9 c 
Teacher B = 
Guided Discovery 
Mode 13.8 402 2.5 
Teacher A 
Guided Discovery 
Mode 14.2 500 2.9 
Teacher B 
Analysis with grade point average as ^ covariate (N = 161) Prior 
grade point average was found to vary significantly (p<.01) with scores on 
the Energy Management Achievement Test. The beta coefficient for the 
grade point average variable was .46, a positive value indicating that 
subjects with higher achievement scores also had higher grade point 
averages. 
When sex of the subject was entered into the analysis in which the 
significant effects of prior grade point average were removed, the sex 
variable remained significant (p<.01). This is consistent with findings 
reported in Table 10 in which an analysis of covariance was not done. 
Effect of mode and teacher with grade point average as ^ discrete 
variable Students were dichotomized based on grade point average into 
groups receiving < 2.56 >_ 2.66. Grade point average was then treated as 
a discrete independent variable. Of primary interest was the possibility 
105 
of an interaction between the mode of instruction and grade point averages 
of students; none existed for achievement test scores. A significant 
(p<.01) grade point average effect was found (see Table 12) indicating 
that the ability of students made a significant difference in achievement 
test scores. 
Table 12. Achievement test scores analyzed by mode, teacher and grade 
point average (N = 151; female = 128; male = 33) 
Source^ df F P 
M 1 1.32 .25 
T 1 .10 .76 
M*T 1 o
 
C
O
 
bo
 
GPA 1 22.02 .0001** 
M*GPA 1 .15 .69 
T*GPA 1 1.84 .17 
M*T*GPA 1 .82 .53 
Error 153 
Total 150 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; GPA = grade point average. 
**p<.01. 
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Mean scores for the 26 item achievement test and two levels of the 
grade point average are shown here: 
Mean Achievement Scores Grade Point Averages 
12.35 <2.66 
15.19 >2.66 
Effect of mode, teacher and sex of subjects with grade point average 
as a discrete variable When sex of subject was added (see Table 13) as 
a variable to the previous analysis by grade point average, mode and 
teacher (see Table 12), grade point average remained a significant factor 
(p<.01) in explaining achievement test scores. Sex of the subject made a 
significant (p<.01) difference in scores received on the achievement test 
with males averaging a score of 16.27 and females a score of 13.11 on the 
26 item achievement test. This significant sex difference was reported 
earlier in this section. 
Means are shown in Appendix C for the analyses with grade point 
average as a discrete independent variable. 
Knowledge subset achievement scores 
The purpose of this section is to explore student response to the 
knowledge subset of the Energy Management Achievement Test. Tables 14 
through. 17 are included to illustrate the findings. 
Effect of mode and teacher When testing for students' knowledge 
as a result of the treatments, no significant differences in scores were 
found due to the mode of instruction or the teacher (see Table 14). 
Effects of mode, teacher and sex of subjects Significant differ­
ences (p<.01) were found in the response to the knowledge subset of the 
108 
Table 13. Achievement test scores analyzed by mode, teacher, grade point 
average and sex of subjects (N = 161; female = 128; male = 33) 
Source^ df F P 
M 1 .08 .77 
T 1 .58 .54 
M*T .30 .59 
X 1 19.05 .0001** 
GPA 1 21.80 .0001** 
M*X 1 .32 .58 
M*6PA 1 .32 .58 
T*X .50 .51 
T*GPA 1 2.70 .10 
M*T*X*GPA 1 1.28 .26 
Error 150 
Total 160 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subject; 6PA = grade point average. 
**p<.01. 
Energy Management Achievement Test due to the sex of the student with 
males achieving higher scores than females (see Table 15). 
The mean score for females on the 11 item knowledge subset of the 
achievement test was 6.7. The mean for male students was 8.1. The number 
of male subjects was small; hence the findings are tenuous. 
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Table 14. Knowledge subset scores testing for effects of teacher and mode 
(N = 170) 
Source^ df F P 
M 1 .02 .89 
T 1 .25 .63 
M*T 1 .09 .76 
Error 165 
Total 169 
^The sources of variance are 
T = teacher. 
identified as: M = mode of instruction; 
Table 15. Knowledge subset of achievement scores testing for effects of 
teacher, mode and sex of subjects (N = 170; female = 136; 
male = 34) 
Source® df F P 
M 1 .25 .62 
T 1 .12 .73 
X 1 12.84 .0008** 
M*T .35 .56 
M*X .19 .67 
T*X 1 .005 .61 
M*T*X 1 .27 .61 
Error 162 
Total 169 
®The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subjects. 
**p<.01. 
no 
Time analyzed as a covariate (N = 170) The amount of time stu­
dents were exposed to the treatments varied from 315 to 520 minutes (see 
Appendix C). Knowledge subset achievement scores of students did not 
vary significantly due to the length of time the treatment was received. 
Average amounts of time each teacher taught each mode of instruction 
and the mean grade point averages of students are shown here with corre­
sponding mean scores of the Energy Management Achievement Test for the 
knowledge subset. 
Mean Score Mean time Mean Grade 
Knowledge Subset in minutes Point Averages 
Expository Mode j ^  ? 7 
Teacher A 
Expository Mode . q nio ? c 
Teacher B 
Guide Discovery 
Mode 7.1 402 2.5 
Teacher A 
Guided Discovery 
Mode 6.8 500 2.9 
Teacher B 
Analysis with grade point average as a covariate (N = 161) Prior 
grade point averages were found to vary significantly (p<.01) with knowl­
edge subset achievement scores. The beta coefficient for the grade point 
average variable was .49, a positive value indicating that students with 
higher grade point averages made higher knowledge subset achievement 
scores as might be expected. 
I l l  
When the sex variable was entered into the analysis with grade point 
average as a covariate, sex of the subject remained significant (p<.01) 
as did grade point average in explaining differences in knowledge subset 
scores. 
Effect of mode and teacher with grade point average as ^ discrete 
variable Students were dichotomized based on grade point average into 
groups receiving < 2.66 > 2.66. Grade point average was then treated as a 
discrete independent variable. Of primary interest was the possibility of 
an interaction between the mode of instruction and grade point averages of 
students; none existed for knowledge subset scores. 
A significant (p<.01) grade point average difference was found (see 
Table 16) indicating that the ability of students made a significant dif­
ference in knowledge subset scores. 
Mean scores for the knowledge subset and two levels of the grade 
point average are shown here: 
Mean Knowledge Subset Scores Grade Point Average 
6.07 <2.66 
7.85 >2.66 
Effect of mode, teacher and sex of subjects with grade point average 
as a discrete variable When sex of subject was added (see Table 17) 
as a variable to the previous analysis by grade point average, mode and 
teacher (see Table 16), grade point average remained a significant factor 
(p<.01) in explaining knowledge subset scores. Sex of the subject made a 
significant (p<.01) difference in scores received on the knowledge subset 
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Table 16. Knowledge subset test scores analyzed by mode, teacher, and 
grade point, average (N = 161) 
Source® df F P 
M 1 
ID
 
O
 CO
 
ro
 
T 1 .29 .60 
M*T .92 .66 
GPA 1 30.28 .0001** 
M*GPA 1 .004 .95 
T*GPA 1 .40 .54 
M*T*6PA 1 .75 .61 
Error 153 
Total 160 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; GPA = grade point average. 
**p<.01. 
of the Energy Management Achievement Test as was reported earlier. Since 
the number of males is small, this finding is tenuous. 
Means are. shown in Appendix C for the analyses with grade point 
average as a discrete independent variable. 
Application subset achievement scores 
A description of the analyses carried out to explore student re­
sponse to the application subset of the Energy Management Achievement Test 
is included in this section. Tables 18 through 21 show the findings. 
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Table 17. Knowledge subset test scores analyzed by mode, teacher, grade 
point average and sex of subjects (N = 161; female = 128; 
male = 33) 
Source^ df F P 
M 1 .04 
00 
T .009 .92 
M*T 1 o
 
00
 
.77 
X 1 15.05 .0004** 
GPA 1 27.82 .0001** 
M*X 1 .02 00
 
M*GPA 1 .004 .95 
T*X 1 .53 .52 
T*GPA 1 .67 .58 
M*T*X*GPA .15 .70 
Error 150 
Total 160 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subjects; GPA = grade point average. 
**p<.01. 
Effect of mode and teacher When testing for students' ability to 
apply knowledge as a result of the two modes of instruction, no signifi­
cant differences in scores were found to exist for the mode of instruc­
tion, teacher or an interaction of these variables. 
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Table 18. Application subset scores analyzed by mode and teacher 
(N = 170) 
Source^ df F p 
M 1 1.71 .19 
T 1 .97 .67 
M*T 1 
o
 
00 
ro
 
Error 166 
Total 169 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
Effects of mode, teacher and sex of subjects Significant differ­
ences (p<.01) were found in the response to the application subset of the 
Energy Management Achievement Test according to the sex of the student. 
The mean score for females on the 15 item application subset of the 
achievement test was 6.55. The mean for male students was 7,88. 
Time analyzed as ^ covariate (N = 170) The amount of time stu­
dents were exposed to the treatments varied from 315 to 520 minutes (see 
Appendix C). The application subset achievement scores of students did 
not vary due to the length of time the treatment was received. 
The average amounts of time each teacher taught each mode of instruc­
tion are shown with corresponding mean scores for the application subset 
of the Energy Management Achievement Test and mean grade point averages 
of students. 
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Table 19. Application subset scores analyzed by mode, 
subject (N = 170; female = 135; male = 34) 
teacher and sex of 
Source^ df F P 
M 1 .03 .85 
T 1 1.27 .25 
X 1 10.31 .0020** 
M*T 1 .19 . 56 
M*X 1 
o
 
00 
.53 
T*X 1 .20 . 66 
M*T*X 1.33 .25 
Error 162 
Total 169 
The sources of variance are identified as: M = mode of instruction; 
T = teacher; X = sex of subjects. 
** p<.01. 
Expository Mode 
Teacher A 
Expository Mode 
Teacher B 
Guided Discovery 
Mode 
Teacher A 
Guided Discovery 
Mode 
Teacher B 
Mean scores 
application subset 
5.5 
6.6 
6.7 
7.3 
Mean time Mean grade 
in minutes point averages 
482 
472 
402 
500 
2.7 
2.5 
2.5 
2.9 
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Analysis with grade point average as a covariate (N = 161) Prior 
grade point averages varied significantly (p<.01) with application 
achievement scores. The beta coefficient was ,28, a positive value, with 
students with higher grade point average and assumed greater ability 
achieving higher scores on application subset of the Energy Management 
Achievement Test than those students with lower grade point averages. 
When sex of the subject was entered as an independent variable it 
remained a significant (p<.01) source of variation for application subset 
scores with effects of prior grade point average having been accounted for 
in the analysis. The sex variable was also significant with grade point 
average excluded from the analysis (see Table 19). 
Effect of mode and teacher with grade point average as ^ discrete 
variable Students were dichotomized based on grade point average into 
groups receiving < 2.66 > 2.66. Grade point average was then treated as a 
discrete independent variable. Of primary interest was the possibility of 
an interaction between the mode of instruction and grade point averages of 
students; none existed for application subset scores. 
A significant (p<.05) grade point average difference was found (see 
Table 20) indicating that the ability of students made a significant dif­
ference in application subset scores, as might be expected. 
Mean scores for the application subset and two levels of the grade 
point average are shown here: 
Mean Application Scores Grade Point Average 
6.27 <2.66 
7.34 >2.66 
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Table 20. Application subset test scores analyzed by mode, teacher and 
grade point average (N = 161) 
Source^ df F P 
M 1 2.55 .11 
T .92 .66 
M*T 1 .36 .56 
GPA 1 5.89 .015* 
M*GPA 1 .47 .50 
T*GPA 1 2.42 .12 
M*T*6PA • 1 .42 .53 
Error 153 
Total 160 
^The sources 
T = teacher; GPA 
of variance are identified as: 
= grade point average. 
M = mode of instruction; 
*p<.05. 
Effect of modea teacher and sex of subjects with grade point average 
as a.discrete variable When sex of subjects was added (see Table 21) 
as a variable to the previous analysis by grade point average, mode and 
teacher (see Table 20) grade point average remained a significant factor 
(p<.01) in explaining application subset scores. 
Sex of the students continued to make a significant (p<.01) differ­
ence in scores received on the application subset of the Energy Management 
Achievement Test when the grade point average variable was added to the 
analysis. 
118 
Table 21. Application subset test scores analyzed by mode, teacher, grade 
point average and sex of subjects (N = 161; female = 128; 
male = 33) 
Source^ df F P 
M 1 .36 .56 
T 1 1.15 .29 
M*T 1 1.16 .28 
X 1 10.35 .002** 
GPA 1 6.01 .0147** 
M*X 1 . 56 .54 
M*GPA 1 . 66 .58 
T*X 1 .19 .67 
T*GPA 1 3,16 .07 
M*T*X*GPA 1 1.90 .17 
Error 150 
Total 160 
^The sources 
T = teacher; X = 
of variance are 
sex of subjects; 
identified as: M = mode of 
GPA = grade point average. 
instruction; 
**p<.01. 
Since the number of males is small, the finding is tenuous. 
Means are shown in Appendix C for the analyses with grade point 
average as a discrete independent variable. 
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Summary of analyses with subjects as the experimental unit 
When subjects were considered the experimental unit there were no 
significant differences in attitudes or achievement scores as a result of 
the two treatments or the two teachers. 
The teachers consistently elicited higher attitude scores from one 
particular mode of instruction. Students taught in an Expository Mode by 
Teacher A attained higher scores on the attitude device than those she 
taught in a Guided Discovery Mode. Students taught in a Guided Discovery 
Mode by Teacher B attained signifiacntly higher scores on the attitude 
measure than those she taught in an Expository Mode. 
Students receiving each treatment and the students each teacher 
taught did not vary significantly in ability as shown when the grade point 
averages of students were analyzed as dependent variables. What did make 
a significant difference was the fact that modes and teachers were not 
ordered similarly to ability levels of students. Teacher A received stu­
dents with higher ability in those classes she taught in an Expository 
Mode while Teacher B taught higher ability students in the Guided Dis­
covery Mode. This finding corresponds to the responses to attitude de­
vices for each teacher. However, when grade point averages were treated 
as discrete and entered into the analyses as independent variables they 
did not interact significantly with modes and/or teachers. 
Prior ability as measured by grade point averages made a significant 
difference in all scores received with the exception of attitude change 
scores when an analysis of covariance was done for each dependent varia­
ble. All beta coefficients were positive values which indicated that stu­
dents with more ability as measured by grade point average had corre­
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spondingly high scores on the achievement and attitude devices as might be 
expected. This was true for the knowledge and application subset of the 
achievement test as well. 
Change scores for the attitude measure showed that each teacher sig­
nificantly fostered higher change scores teaching in a particular mode of 
instruction. The findings were consistent with those reported earlier; 
students taught by Teacher A in the Expository Mode experienced more atti­
tude change than those taught in a Guided Discovery Mode. Students taught 
in a Guided Discovery Mode by Teacher B changed their attitudes more from 
the time of the pretest to posttest than when she taught in an Expository 
Mode. 
Attitude change scores were not significantly affected by the stu­
dents' ability. The beta coefficient for grade point average was a nega­
tive value in the case of change scores. 
The amount of time students received treatments, though varying from 
315 minutes to 520 minutes, made no significant difference in results. 
Sex of the student made a significant difference in response to the 
attitude and achievement measures. Males received higher scores on all 
achievement measures than did females. The reverse was true for the atti­
tudes of students with females receiving higher scores. There were no 
significant attitude change score differences due to sex, however. 
Each teacher interacted differently with modes of instruction and sex 
of subjects on attitude measures, suggesting that scores varied due to sex 
of subjects when taught by a specific teacher using a specific mode. The 
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low number of male subjects in the study makes any of the findings tenuous 
when the sex variable is included. 
The significant effects of certain of the above variables was 
tempered somewhat by the analyses with classes as the experimental unit. 
Those analyses comprise the next section. 
Analyses by Class 
Findings with classes as the experimental unit are based on the 
following: 1) an analysis of variance for classes carried out to test the 
effect of mode of instruction and teacher on scores on the attitude test, 
the Energy Management Achievement Test, the knowledge subset of the Energy 
Management Achievement Test and the application subset of the Energy 
Management Achievement Test; 2) the effects of two continuous variables, 
the amount of time classes received the treatment and the prior grade 
point averages by class using analysis of covariance procedures; 3) dif­
ference scores generated for the pre- and postattitude tests, tested by 
mode and teacher; and 4) an analysis of variance by mode and teacher with 
prior grade point average as a dependent variable. Regression procedures 
were used for all analyses and partial sums of squares were used rather 
than sequential sums of squares. 
No analyses in this section with classes as the unit of observation 
use sex of the subject as a variable because some classes had no male 
students. This portion of the findings chapter is divided into sections 
according to the dependent variable. 
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Attitude posttest scores 
Findings related to scores classes received on the attitude measure 
given to students at the culmination of the treatment are included in this 
section. 
Effect of mode and teacher (N = 12) No significant differences 
in attitude posttest scores were found as a result of the mode of instruc­
tion, the teacher of the classes or an interaction of these variables. 
Mean scores by teacher and mode are shown in Appendix D. 
Time analyzed as a covariate (N = 12) The amount of time classes 
were exposed to the treatments varied from 315 minutes to 520 minutes as 
shown here by mode and teacher for each of the 12 classes. 
Time in minutes by class , mode and teacher 
Classes 
Expository Mode Expository Mode 
Teacher A Teacher B 
Guided Dis­
covery Mode 
Teacher A 
Guided Dis­
covery Mode 
Teacher B 
1 315 
2 550 
3 405 
4 405 
5 480 
6 500 
7 520 
8 520 
9 ' 320 
10 500 
n 500 
12 500 
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The response of students to the attitude posttest did not vary sig­
nificantly due to the amount of time they received the treatment. The 
beta coefficient for the time variable was .15, a positive value, which 
indicates that those receiving the treatment for longer periods of time 
tended to have higher scores on the attitude test. Means are shown in 
Appendix D. 
Effects of mode and teacher with grade point average as a covariate 
(N = 12) Grade point average was found not to vary significantly with 
attitude posttest scores which suggests that students' ability did not 
affect their responses to the energy attitude measure. 
Attitude change 
A description of the analyses which were carried out to test for 
change in attitude scores as a result of the modes of instruction, 
teachers and prior ability of classes of students is included in this 
section. 
Effect of mode and teacher (N = 12) No significance was found by 
mode of instruction or teacher in change in attitudes of classes from the 
time.the pretest was given to the time the posttest was administered. 
Change scores by mode and teacher for the pre- and postattitude 
measures are shown. 
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Table 22. Attitude change scores analyzed by mode and teacher (N = 12) 
Source^ df F P 
M 1 .48 .51 
T 1 .72 .58 
M*T 1 2.39 .16 
Error _8 
Total 11 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
Number of classes 
Attitude 
change score . 
Expository Mode 
Teacher A 3 2.14 
Expository Mode 
Teacher B 3 -0.65 
Guided Discovery Mode 
Teacher A 3 1.15 
Guided Discovery Mode 
Teacher B 3 1.96 
Effect of mode and teacher with grade point average as a covariate 
Ability levels of classes of students as measured in grade point averages 
made no significant difference in attitude change; the beta coefficient 
for grade point average was -.53, a negative value. 
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When the effects of ability were removed, the mode of instruc­
tion and teacher interaction had a high F valiie but was not significant 
(see Table 3). 
Table 23. Attitude change scores analyzed by mode and teacher with grade 
point average as a covariate (N = 12) 
Source^ df F P 
M 1 .68 .56 
T 1 .44 .53 
M*T 1 4.61 .07 
GPA 1 1.95 .20 
Error _7 
Total 11 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher; GPA = grade point average. 
Although differences were nonsignificant, when Teacher A taught in an 
Expository Mode there were greater changes in attitudes than when Teacher 
A taught in the Guided Discovery Mode. The reverse was true of Teacher B 
(see Figure 10). 
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Figure 10. Mean attitude change scores by teacher and mode of instruc-
Attitude pretest scores: Effects of mode and teacher with grade point 
average as ^ covariate (N = 12) 
An analysis of covariance with grade point average as the covariate 
showed no significant effect of classes' ability on attitudes toward 
energy conservation/management. Mean grade point averages ranged from 
2.19 to 3.12 in the 12 classes in the study (see Appendix D for adjusted 
means). 
Grade point average analyzed as a^ dependent variable (N = 12) 
In each of the analyses for ability discussed thus far, grade 
point average has been treated as a possible confounding independent 
variable. When grade point average was treated as a dependent variable 
and analyzed by teacher and mode of instruction for all classes using 
analysis of variance (see Table 24), no significance was found, suggesting 
that classes receiving either treatment and the classes each teacher 
taught did not vary significantly in ability. 
tion. 
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Table 24. Grade point average of classes tested by mode and teacher 
(N = 12) 
Source^ df F P 
M 1 .03 
LO 00 
T 1 .22 . 66 
M*T 1 7.16 .03** 
Error _8 
Total 11 
^The sources of variance are identified as: M = mode of instruction; 
T = teacher. 
**p<.01. 
A significant (p<.01) mode by teacher interaction (see Table 24) was 
found which suggests that modes and teachers were not ordered similarly 
according to ability levels of students in the random assignment of 
treatments and teachers to classes. Means are plotted in Figure 11. 
Classes taught by Teacher A in the Expository Mode had higher grade 
point averages and therefore were assumed to have more ability than 
classes which Teacher A taught in the Guided Discovery Mode. 
Teacher B was randomly assigned classes to be taught in the Guided 
Discovery Mode who had higher grade point averages and were therefore 
assumed to have more ability than classes whom Teacher B taught in the 
Expository Mode as shown in Figure 11. 
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Achievement scores 
A description of the analyses carried out to test the hypothesis 
which stated that there would be no significant difference in achievement 
as a result of the treatment received is included in this section. Re­
ports of tests for other possible reasons for variations in scores are 
also included. 
Effects of mode and teacher (N = 12) No significant differences 
were found for scores on the Energy Management Achievement Test as a re­
sult of the mode of instruction, teacher or an interaction of these varia­
bles when analyzed with classes as the unit of observation. These results 
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were anticipated since no significant differences were found when subjects 
(N = 170) were used as the unit of observation. Means are shown in 
Appendix D. 
Time analyzed as ^ covariate (N = 12) Though the amount of time 
classes were exposed to the treatments varied from 315 minutes to 520 
minutes, achievement subset scores were not significantly affected. Mean 
achievement scores for the 26 item Energy Management Achievement Test with 
corresponding class times for the 12 classes in the study are shown in 
Appendix D. 
Effects of mode and teacher with grade point average as à covariate 
(N = 12) Prior grade point average was found to vary significantly 
(p<.01) with achievement test scores as might be expected. Mean scores 
for the achievement test and grade point averages are shown in Appendix D. 
The beta coefficient was 1.22, a positive value indicating that sub­
jects with higher achievement scores also had higher grade point averages. 
This finding is consistent with findings from the earlier more liberal 
analysis with subjects as the unit of observation. 
A significant method (p<.05) by teacher interaction existed for 
achievement test scores when the effect of students' ability was re­
moved and means were adjusted (see Figure 12). Classes whom Teacher A 
taught in a Guided Discovery Môde achieved higher achievement scores than 
those that teacher taught in an Expository Mode when the effects of 
ability were removed. Classes taught in an Expository Mode by Teacher 
B achieved higher achievement scores than when that teacher taught in 
a Guided Discovery Mode. This finding does not correspond with the 
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Figure 12. Achievement test scores by mode and teacher using means ad­
justed for effect of grade point average (N = 12). 
findings when grade point average was analyzed as a dependent variable 
(see Figure 11) in order to see if classes differed by mode or teacher. A 
significant interaction between mode and teacher was found for that 
analysis; however, Teacher A had higher ability Expository Mode classes 
and Teacher B had higher ability Guided Discovery classes. 
When using an analysis of covariance with grade point average as the 
covariate and subjects rather than classes as the experimental unit, a 
significant method by teacher interaction was not found; therefore, it is 
assumed that classes were very different in ability levels and unlike 
those one would expect from a random sample. 
Knowledge subset achievement scores 
A description of the analyses carried out to test the hypothesis 
which stated that there would be no significant difference in the ability 
of classes of students to recall facts as a result of the treatment 
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received is included in this section. Reports of tests for other possible 
reasons for variations in scores are also included. 
Effects of mode and teacher (N = 12) No significant differences 
were found for knowledge subset scores of the Energy Management Achieve­
ment Test as a result of the mode of instruction, teacher or an inter­
action of these variables when analyzed with classes as the unit of 
observation. These results were anticipated since no significant differ­
ences were found when subjects (N = 170) were used as the unit of obser­
vation. Means are shown in Appendix D. 
Time analyzed as a covariate (N = 12) Though the amount of time 
classes were exposed to the treatments varied from 315 minutes to 520 
minutes an analysis of covariance showed that achievement subset scores 
were not affected by time. 
Effect of mode and teacher with grade point average as a^ covariate 
(N = 12) Prior grade point average varied significantly (p<.01) with 
knowledge subset scores. The beta coefficient was 1.15, a positive value 
with students with more ability as determined by grade point averages re­
ceiving higher scores on the test. 
A significant method (p<.05) by teacher interaction existed for 
knowledge subset test scores when the effect of students' ability was 
removed and means were adjusted (see Figure 13). 
As was the case with the total achievement test (see Figure 12), 
classes Teacher B taught in the Expository Mode of instruction achieved 
higher knowledge subset scores than classes taught by that teacher in 
the Guided Discovery Mode of instruction. Means were adjusted for the 
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Figure 13. Knowledge subset scores by mode and teacher using means ad­
justed for effect of grade point average (N = 12). 
effects of ability as measured by grade point averages. The opposite was 
true for Teacher A. 
This finding was not evident when subjects rather than classes were 
used as the experimental unit which indicates that classes were signifi­
cantly different in ability levels. 
Application subset achievement scores 
A description of the analyses carried out to test the hypothesis 
which stated that there would be no significant difference in the ability 
of classes of students to apply knowledge as a result of the treatment 
received is included in this section. Reports of tests for other possible 
reasons for variation in scores are also included. 
Effects of mode and teacher (N = 12) No significant differences 
were found for application subset achievement scores of the Energy 
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Management Achievement Test as a result of the mode of instruction, 
teacher or as interaction of these variables when analyzed with classes 
as the unit of observation. (Means are shown in Appendix D.) 
Time analyzed as a covariate (N = 12) The amount of time classes 
were exposed to the treatments varied from 315 minutes to 520 minutes. 
Scores on the application subset were not significantly affected. 
Effects of mode and teacher with grade point average as ^ covariate 
(N = 12) Mean grade point average of classes varied significantly 
(p<.01) with application subset score. The beta coefficient was 1.1, a 
positive value suggesting that students with more ability achieved higher 
scores on the application subset of the achievement test. 
Unlike the analysis for the entire achievement test and for the 
knowledge subset scores, there was no significant teacher by method 
interaction with application subset scores as the dependent variable. 
When classes were considered as the experimental unit there were no 
significant differences in attitudes or achievement scores as a result of 
treatments or the teachers. These same findings were reported with sub­
jects as the experimental unit. 
Unlike the analysis by subjects, there were no interactions between 
methods and teachers for any of the dependent variables when analyses of 
variance were done. There were significant interactions when the analysis 
of covariance was carried out with student ability as the covariate. 
Classes receiving each treatment and the classes each teacher taught 
did not vary significantly in ability as shown when the grade point 
averages of students were analyzed as dependent variables. What did make 
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a significant difference was the fact that modes and teachers were not 
ordered similarly to ability levels of students. Classes taught in the 
Expository Mode by Teacher A had higher grade point averages and were 
therefore assumed to have more ability than classes that Teacher A taught 
in the Guided Discovery Mode. The reverse of this was true for Teacher B. 
This was also reported in the analysis by subjects. 
The scores classes received on the achievement devices varied sig­
nificantly with grade point averages when that variable was tested using 
an analysis of covariance. Ability levels of classes of students were not 
significantly related to attitudes toward energy management. However, 
modes of instruction and teachers interacted in the response of classes to 
the total Energy Management Achievement Test and to the knowledge subset 
of that test, when an analysis of covariance was done with grade point 
average as the covariate. When teacher B taught in an Expository Mode, 
classes achieved higher scores than when she taught in a Guided Discovery 
Mode; the reverse was. true for Teacher A. 
This is opposite to the ability level of classes of students to which 
each teacher was assigned. The analysis with grade point average as a 
dependent variable showed a significant method by teacher interaction. 
Plotting of means (see Figure 11) showed Teacher A with higher ability 
classes taught in the Expository Mode and Teacher B with higher ability 
classes in the Guided Discovery Mode. 
In addition, the fact that no significant method by teacher interac­
tion was found when analysis was done with subjects as the experimental 
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unit indicates that the classes were very different in ability and unlike 
those one would expect to find in a random drawing. 
Change scores for the attitude measures were nonsignificant for modes 
and teachers. When grade point average was entered as a variable, its 
effect was nonsignificant; the beta weight was negative. 
Amounts of time classes received the treatment made no significant 
difference in attitudes or achievement. 
Discussion 
Certain decisions had to be made regarding classroom management for 
the field study which were external to the two modes of instruction or 
the content. However, it is recognized that these decisions could have 
had some impact on student reaction to the treatments. These decisions 
are described in this section as is an elaboration on the findings in 
relation to research studies reported in the review of the literature. 
Findings based on use of the two different experimental units—subjects 
and classes—for this study were already described in some detail in this 
chapter. 
Time for teaching in the 12 classrooms varied from 315 to 550 min­
utes. The original sample selection criteria included equal times for 
teaching in each classroom; however, there were unexpected occurrences in 
many classes which decreased the teaching time. It was impossible to ask 
for additional days in most classes due to the regular teacher's schedule 
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and the researcher's schedules. When there was a shortage of time, the 
researcher had to make a decision regarding the content to delete. 
Topics, objectives and generalizations which had been identified as most 
important and from which test items were written were given first priority 
when teaching time was limited. This may account for the finding of no 
significant difference in test scores due to the amount of time the treat­
ment was received. 
Each of the modules had activities and content included which would 
extend the time taken for teaching, particularly within the Expository 
Mode. The two researchers were responsible for each class for a 10-day 
period; therefore, this additional material was necessary in some 
instances. 
Coop and Brown (1970), whose study was reviewed in Chapter I, pro­
vided nine days for the teacher-structure-method of instruction and 14 
days for the independent problem solving method to adjust for time needed 
for the two methods. 
The way the regular classroom teachers prepared the students for the 
10-day unit was controlled totally by the individual classroom teacher. 
Classroom teachers were given the option of observing during the 10-days 
in which treatments were applied. It was evident that the classroom 
teacher's response influenced the response of the class. This was uncon­
trollable; however, teachers were asked to avoid prompting students during 
the actual teaching. 
Cronbach (1966) has stated that changes researchers have reported 
because of the discovery mode may be due to the novelty of the mode. 
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Coop and Brown (1970) attempted to control this by delaying data collec­
tion for a three-week period of time in which the experimental treatments 
were being applied. Students were not given any time to adjust to the 
treatments in the research reported herein. 
In no case did the regular classroom teacher use the evaluation of 
student performance as measured by the Energy Management Achievement Test 
to assign grades to students. This fact was communicated to students. In 
most instances, however, teachers needed evidence of student performance 
during the 10-day period of the treatment. For this reason, assignments 
were given to students in both modes of instruction in all classes. 
Quality of work in completing the assignments was not emphasized. Assign­
ments did not require application similar to that in the application items 
of the Energy Management Achievement Test, however. 
Printed materials were similar for both modes although the activities 
students were assigned in relation to the printed material often differed 
for each mode of instruction. Dubin and Taveggia were cited by Hoover and 
Cauble (1974) as suggesting that the effect of a text or mimeographed 
material may be so powerful that it overrides differences occurring as a 
result of divergent teaching methods. 
The guest teachers for the 10-day period could not be available 
before and after class periods to assist students who had been absent 
from particular sessions of the treatment. For that reason packets 
summarizing the content of each lesson, including activities, were given 
to students for make-up work. 
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The guest teachers taught in somewhat different circumstances from 
that of other field studies reviewed as the ones reported by Sage (1971) 
and Coop and Brown (1970). Subjects in these studies were college stu­
dents possibly majoring in the area in which the research was carried out; 
therefore, more requirements could be placed on performance as note 
taking and memorization. Students in the study reported herein were not 
required to take notes or attempt memorization of content. 
Discipline in most cases was the responsibility of the guest teachers. 
Preventive measures were used as much as possible. It was recognized that 
individual class members could positively or negatively influence the 
response of other students. This influence was evident not only from 
individual students but also from other uncontrollable factors as the time 
of day and year the treatments were applied. 
The size of the classes could have had an effect on the way students 
reacted to the modes, particularly the Guided Discovery Mode of instruc­
tion. Chances for students to respond and discover could be limited in a 
large class. Cronbach (1966) recommended that research be carried out on 
group process and its effect on students who play different roles. 
Findings for this study cannot be compared directly to findings of 
other studies since differences existed in the methods of instruction, 
research setting, testing procedures and/or type of content taught. 
The achievement device developed for this study measured the stu­
dents' ability to recall facts (knowledge subset) and apply knowledge 
(application subset). There was no significant difference in students' 
scores on the achievement devices as a result of the modes of instruction 
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received. Coop and Brown (1970) used a test with factual and conceptual 
generalization items, somewhat similar to the achievement device used for 
this study, and found significant differences in favor of the teacher-
structured method of instruction as opposed to the independent problem 
solving method. 
Kersh (1958) and others have carried their experiments a stage 
further than that of the study reported herein in order to test long-term 
retention and ability to transfer knowledge to a new situation or problem. 
In doing so, they have found that students taught in a direct manner may 
do better on tests immediately after the treatment but students who are 
allowed to discover will do better than the directed group when tested 
after a period of time has passed. 
Many studies which were reviewed dealt with rule learning and answer 
learning applied to mathematical or puzzle-type problems. The content to 
be discovered in this research was in the form of generalizations of the 
type which could not be applied to a series of problems as one might do 
with rules or principles. 
There were differences in classroom experiences of students in 
various studies once the content had been discovered or told to the stu­
dent. There was no postexperimental application of content for students 
in the Expository Mode of instruction as was also reported in the Kersh 
(1958) study. Application of knowledge was necessary for discovery in the 
Guided Discovery Mode of instruction for this study. There were no formal 
plans for application by students once the generalization had been dis­
covered, however. Kersh (1958) reported that students receiving the 
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Discovery and Guided Discovery Modes could practice the generalization if 
they discovered it early enough to do so, but no formal plans were made 
for application. 
An attempt was made to have a sequential organization to the content 
of the lessons in both modes of instruction in the research reported 
herein. Some studies as that of Coop and Brown (1970) and Hoover and 
Cauble (1974) did not attempt to provide this type of global view of the 
content for students receiving the equivalent of the Expository Mode, 
whatever the name given to that mode. Advance organizers were used for 
the Expository Mode of instruction for the present study which provided 
additional organizational structure. 
The content of the lessons in this study could be termed nonsequen­
tial when viewed in context of the study by Wodtke, Brown, Sands and 
Fredericks which was reported by Mayer (1972). These researchers found 
that presenting nonsequential type material in a scrambled order had no 
effect on retention and application. Content as that of a number base 
program, however, needed to be presented in a nonscrambled form for 
retention and transfer to occur. 
Differences possibly existed in the amount of control of the in­
structors in the present study and others reviewed. Sage (1971) reported 
students' reactions to the modes of instruction he used in a college 
course of one semester's length. Students reported feeling that there 
was too much control of the instructor for the inquiry mode since the 
instructor was only to answer questions with responses as "yes" or "no" 
or "tell me more." 
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The study reported herein did not maintain one particular way of 
guiding student discovery. Various teaching models were used. Question­
ing of students played an important role in minimizing the error rate in 
the Guided Discovery Mode of instruction. 
The researcher had to face the realities of field research, in which 
guest teachers did the teaching for a ten-day period, in planning lessons 
which would be acceptable to students, teachers and school administrators. 
For this reason lessons in the Expository Mode did not use lecture alone 
but other media forms, as well, which kept within the framework of showing 
and telling the content. 
Although Cronbach (1966) and others have recommended studies of the 
attitude of students toward content as a result of the method of instruc­
tion used, no studies were reviewed which considered the attitude of 
students. 
According to Kelly (1973) it is now abundantly clear, from research 
and from reason, that how a person feels is more important than what he 
knows (p. 235). This could be particularly true of lessons taught for 
this research project on energy management and conservation. 
No significant difference was found in the attitude of students and 
classes in this study as a result of the mode of instruction or teacher. 
Attitudes toward energy management/conservation were generally very high 
as shown in pretest attitude measure scores. Attitude change scores 
showed a negative beta weight when ability of students was considered; 
however, there was not a significant difference. 
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Teachers elicited significantly higher attitude scores when teaching 
with a particular mode when the analyses were done by subject; however, 
this was not true of achievement scores. 
Though the number of males in the study was small, a significant 
difference was found for both achievement and attitude scores as a result 
of that variable with males attaining higher achievement test scores and 
females attaining higher (positive) attitude scores. This finding is 
worth noting in view of the current emphasis on teaching content 
appropriate for both sexes. 
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CHAPTER V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
FOR FURTHER RESEARCH 
The preceding chapters included a discussion of various aspects of 
the experiment in detail. This chapter includes a summary of the purpose 
and the problem of the study, describes the results, and states the 
recommendations for further research. 
Summary 
The purpose of this study was to compare experimentally the effect 
of two modes of instruction on student achievement and attitudes. The 
study compared the learning resulting from an Expository Mode of instruc­
tion in which students were shown or told the content for the development 
of concepts and generalizations through the knowledge level of the 
taxonomy of educational objectives of the cognitive domain as defined by 
Bloom (1956) with the learning resulting from a Guided Discovery Mode of 
instruction. In the latter mode, learning opportunities were organized in 
a manner which allowed for inferring the generalization through question­
ing and activities which encouraged application of knowledge by the 
student. 
Specifically, the study attempted to establish the level of cognitive 
functioning (ability to recall fact and apply knowledge) and attitudes of 
students in classes taught by two different modes of instruction: Exposi­
tory and Guided Discovery. 
Two hypotheses were formulated and subjected to statistical tests as 
follows; 
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1) Achievement scores for students and classes receiving an Exposi­
tory Mode of instruction will not differ significantly from 
achievement scores for students and classes receiving instruction 
in a Guided Discovery mode. 
a) Achievement scores measuring the ability to recall for students 
and classes receiving an Expository Mode of instruction will 
not differ significantly from achievement scores measuring the 
ability to recall for students and classes receiving a Guided 
Discovery Mode of instruction. 
b) Achievement scores measuring ability to apply knowledge for 
students and classes receiving an Expository Mode of instruc­
tion will not differ significantly from achievement score 
measuring ability to apply knowledge for students and classes 
receiving a Guided Discovery Mode of instruction. 
2) Attitudes toward energy conservation/management of students and 
classes receiving an Expository Mode of instruction will not 
differ significantly from attitudes of students and classes re­
ceiving a Guided Discovery Mode of instruction. 
This study was part of a departmental research and development proj­
ect which was concentrated on the study of teaching methods. For this 
reason, content for the lessons, in each mode of instruction was based on 
an area in which there was a need for curriculum to be developed. Resi­
dential energy resource management was the topic selected in view of the 
limited fossil fuel energy resources available at the time of this re­
search project. 
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A companion study (Njus, 1977) explored the effect of traits of 
students on learning by each mode of instruction as well as the process 
students used in inquiry. The study reported herein was concerned with 
the product (ability to recall and apply knowledge) of the modes of in­
struction rather than whether or not the student had developed a method 
(process) for problem solving and inquiry. 
Ten lessons with accompanying teaching aids for each mode of instruc­
tion were developed, pilot tested and reviewed by experts to assure con­
tent validity and validity of the method employed as well as to test the 
acceptability of the lesson for high school students. 
The researcher for this study and the researcher for the companion 
study were the teachers who administered the two treatments. Each of 
these teachers taught three classes in the Expository Mode and three 
classes in the Guided Discovery Mode. 
The experiment took place from January through early May, 1977, in 12 
rural Iowa high school home economics classes with a total of one-hundred 
seventy students in the 12 classes. Schools were selected which met the 
criteria of being within 60 miles of the university, having at least one 
class of sophomore, junior and/or senior home economics students available 
for the project, serving rural-type communities, having between 8 and 30 
students in the class, and having school personnel who were agreeable to 
the project. 
Plans were made for each class in the study to receive the treatment 
for the equivalent of ten, 45 to 60 minute periods of time. One extra 
class period was used for testing for a total of eleven days in each class 
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involved in the study. During the actual study, there were interruptions 
which caused some variation in the amount of time each class received the 
treatment. The minimum time for the treatment in a class was 315 minutes 
and the maximum time was 550 minutes. 
Each class received one treatment only from one teacher only re­
sulting in a completely randomized factorial design for the statistical 
analyses. 
Data were gathered for each student in the study regarding sex, 
grade level and grade point average for the semester prior to the treat­
ment. Students selected were sophomores, juniors or seniors in high 
school. Thirty-four males and 136 females were in the study. The grade 
point average was used to determine equivalency of classes and subjects 
and were based on the student's average grades for the semester preceding 
the treatment. 
An attitude device was administered on the first and last days of the 
treatment in each school, before any teaching had been done, and at the 
culmination of the treatment in each classroom. The device was the same 
for pre- and postadministration; the items were reordered for the post-
test. 
The eleventh class period in each school was used for data gathering 
for the companion study and to.administer the Energy Management Achieve­
ment Test, an objective referenced, nontimed device prepared by Njus 
(1977). All measures were given immediately after the treatment with no 
interval of time to test retention and long-term transfer. 
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The Energy Management Achievement Test was made up of a knowledge 
subset and application subset which were used to assess students' ability 
to recall facts and to apply knowledge as a result of the mode of instruc­
tion received. 
The independent variables of interest in this study were the two 
modes of instruction: Expository and Guided Discovery. Additional 
reasons for possible variation in student and class response to the two 
different modes of instruction were the effects of the two teachers 
(Teacher A and Teacher B) who each taught in six classrooms, the sex of 
students, the total amount of time students and classes received the 
treatment and the ability of students and classes and all possible inter­
actions of these variables. Both subjects (N=170) and classes (N=12) 
were used as experimental units in separate analyses and findings were 
reported for each. 
There were no significant differences in attitudes or achievement 
scores as a result of the two treatments or the two teachers whether the 
analyses were carried out in the more liberal way with subjects (N = 170) 
as the experimental unit or the more conservative way with classes 
(N =12) as the experimental unit. The amount of time students and 
classes received the treatment, though varying from 315 to 550 minutes, 
made no significant difference'in results on the attitude device or 
achievement test when time was analyzed as a covariate. 
The sex of the student could be analyzed only with subjects as the 
experimental unit since some classes had no male students. Findings for 
analyses including the sex of subjects, though tenuous due to the limited 
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number of males in the study, showed that females received significantly 
higher scores on the attitude posttest measures than males received; 
males received significantly higher scores than females on the achievement 
measures. There were no significant attitude change score differences due 
to the sex, however. 
Each teacher interacted differently with modes of instruction and sex 
of subjects on attitude measures in the analysis by subject, suggesting 
that scores varied due to sex of subjects when taught by a specific 
teacher using a specific mode of instruction. 
Students receiving each treatment and students each teacher taught 
did not vary significantly in ability when grade point averages of 
students were analyzed as dependent variables. Grade point averages were 
used as an indication of ability level. What did make a significant 
difference, in both the analyses by class and by subject, was the fact 
that modes and teachers were not ordered similarly to ability levels of 
students. Teacher A received students with more ability in those classes 
she taught in an Expository Mode while Teacher B taught higher ability 
students in the Guided Discovery Mode. 
It followed in the analyses by subject that the teachers maintained 
the same pattern with modes of instruction and attitude posttest scores 
and attitude change scores. Irt other words, students Teacher A taught in 
an Expository Mode had higher grade point averages and higher attitude 
posttest scores and more attitude change than those she taught in a Guided 
Discovery Mode. The reverse was true for Teacher B. This pattern was not 
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true for achievement scores in the analyses by subject since there were 
no significant grade point average effects shown when analyses of co-
variance were done. 
The ability level of students as measured by grade point average made 
a significant difference in scores received on the total Energy Management 
Achievement Test and the knowledge and application subset of that test 
when an analysis of covariance was carried out with classes (N = 12) as 
the experimental unit. Ability level did not vary significantly with 
attitude scores in this analysis, however. 
Teachers and modes of instruction interacted in the response of stu­
dents to the total achievement test and knowledge subset of that set when 
an analysis of covariance was done with grade point average as the co-
variate. When the adjusted means were plotted, it was evident that stu­
dents Teacher A taught in the Guided Discovery Mode achieved higher scores 
than students she taught in the Expository Mode. Thé reverse was true for 
Teacher B with students in the Expository Mode achieving higher scores. 
This is opposite to the ability level of classes to which each teacher was 
assigned as reported earlier in which Teacher A received higher ability 
classes in the Expository Mode; Teacher B received higher ability classes 
in the Guided Discovery Mode. 
The fact that this interaction was not evident in the analysis with 
subjects as the experimental unit suggests that the classes were unlike 
one would find in a random drawing. There were classes with high mean 
grade point averages and those with very low grade point averages which 
indicates homogeneous grouping. None of the school personnel involved 
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with the study had indicated that students were homogeneously grouped 
according to ability, however. 
The ability of students as measured by grade point averages made a 
significant difference in all scores (N = 12 and N = 170) received when an 
analysis of covariance was done for each dependent variable with the 
exception of attitude scores in the analyses by class. Beta coefficients 
were positive values for attitude pre- and posttest scores. Energy 
Management Achievement Test scores, knowledge subset test scores and 
application subset test scores. This indicated that students with more 
ability, as measured by grade point average, had correspondingly high 
scores on the dependent measures. Attitude change scores were not sig­
nificantly affected by the students' abilities; the beta coefficient was 
negative. 
Conclusions 
To the extent that the data obtained from the research procedure of 
this experiment were valid and representative of high school level stu­
dents studying content similar to that of this study, several conclusions 
may be drawn. 
The instructional approaches were not significantly different in 
producing cognitive results or. attitude change. This was true when the 
analysis was done with subjects as the experimental unit and also when 
classes were the experimental unit. 
None of the hypotheses were rejected, meaning that there were no 
significant differences in attitudes, achievement test scores, knowledge 
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subset or application subset scores as a result of the mode of instruc­
tion. 
It is probable that this finding of no differences in attitude or 
achievement scores resulting from the divergent modes of instruction is 
the case; however, in view of the claims made regarding the advantages of 
each mode of instruction, speculations have been included for considera­
tion in explaining the findings of no significant differences. Specula­
tion may be made on factors operating within the study that contributed 
to the nonsignificant results when comparing the two modes of instruction. 
These factors were not controlled experimentally or statistically. 
There may have been too much control of classroom activities in the 
Guided Discovery Mode of instruction since time for teaching in both modes 
was equal which necessitated allowing less time for student inquiry. 
Students were not given an opportunity to adjust to the guest teachers in 
the classroom or the modes of instruction which could have influenced 
results. 
The assignments for both modes of instruction were the same. These 
assignments were necessary to provide the regular classroom teacher with 
some feedback. Questions making up the application subset of the Energy-
Management Achievement Test were not taken from these assignments. The 
assignments, for the most part, facilitated comprehension of content 
rather than application. Even though, the effect of the common material 
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may have been so powerful as to override differences occurring as a result 
of the divergent teaching methods. 
The researcher had to face the realities of field research in plan­
ning lessons which would be acceptable to students, teachers and school 
administrators. For example, inquiry activities which presented any 
danger to the student or possibility of liability of the teacher and/or 
school had to be eliminated. This was emphasized since the teachers for 
the research project were guests in schools. Within the Expository Mode, 
though the research kept within the limits of showing and telling the 
student the generalizations, the methods used were made as interesting as 
possible with the use of many samples, tapes, slides, and transparencies, 
for example. Thus lecturing was not belabored in an attempt by the re­
searcher to maintain student interest. 
The analyses with the 12 classes as the experimental unit and grade 
point averages as a covariate suggested that the ability level of the 
students in the various classes was unlike what one would find in a 
random drawing. In other words, there were classes of students with high 
grade point averages and those that were very low. Teachers did not 
indicate that students had been homogeneously grouped; however, this 
appeared to be the case. The class response to the modes could have been 
largely a result of the divergent ability levels. 
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Recommendations 
In view of the findings and conclusions of this study certain 
recommendations appear to be in order for teachers of methods courses, 
classroom teachers, and researchers. 
Recommendations for teachers 
The attitude of students and the achievement level of students does 
not vary significantly even though one group may be permitted to discover 
the generalization to be learned and the other group is told the generali­
zation and supporting facts. For this reason, a teacher might wish to 
limit his/her total support of either method of teaching; the results of 
guided discovery learning might not merit the time involved, just as 
verbalization by the teacher of all generalizations and content might not 
be worth the lack of interest it might elicit if used day after day. 
Teachers should become aware of the method they can use most effec­
tively as was indicated by the significant differences in attitudes of 
students and the amount of attitude change when teachers used a particular 
mode of instruction in the present study. Teachers would not want to use 
knowledge of their teaching effectiveness with a particular method alone 
in making decisions about instructional methods, since the traits of the 
student are also a consideration. 
The material prepared for the present study could be used by class­
room teachers which would serve as a means of getting more teachers in­
volved in teaching the energy resource management content. 
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Research recommendations 
It is suggested that research regarding instruction methods, par­
ticularly that related to this study, be continued with the following 
adjustments. 
Group equivalency should be assured before carrying out the study. 
It was evident in the analysis with classes as the experimental unit that 
the 12 classes in this study were quite dissimilar in ability level and 
unlike those one would expect in a random selection. This finding limits 
the generalizability of findings in this study. 
The study could be pursued using the regular classroom teachers to 
carry out each mode of instruction rather than having guest teachers carry 
out the research project. This Incorporation of more teachers with vary­
ing competencies and personality traits could provide knowledge of factors 
contributing to success differences. 
Time for teaching in the two modes of instruction could be increased 
to control for the effect of novelty. An alternative to this would be to 
provide a period of time for students to become acquainted with the modes 
used before beginning the actual experiment. Sizes of classes and group 
processes could be taken into consideration. 
A more equal representation of male and female students should be 
achieved in any further research as should use of urban as well as rural 
schools. 
A test for long-term retention and transfer of knowledge as a result 
of the two modes of instruction could provide findings of interest. 
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As indicated in the review of literature field studies are encouraged 
even though the experimental control has many limitations. The present 
research appears to have raised many questions and offer opportunities to 
recommend changes and additions; however, groundwork for further study has 
been contributed. 
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Schools in Pilot Study 
School and address Home economics teacher Administrator 
North Polk Jr.-Sr. Mrs. Karen Simonson Mr. Randall M. Betz 
High School 
Alleman, Iowa 
United Community Schools 
Boone, Iowa 
Mrs. Linda Weber Mr. Ken Walter 
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IOWA STATE 
Department of 
Home Economics Education 
166 LeBaron Hall 
Ames. Iowa 50011 
LJNII V^ERSITY Telephone 515-:94-64'44 
October 4, 1976 
Dear 
I would like to express the appreciation of our department to you for 
cooperation in our research effort to test methods and materials for 
energy education in the housing area. 
Betty conveyed her appreciation to me for your support and classroom 
management abilities, which I too noted during my visit to your 
classroom. 
Your classroom was the first to experience the complete two week module; 
therefore, we were able to acknowledge situations which had not occurred 
to us before--hence the value of our work with you and your students. 
Hopefully Betty and Helen will be able to report on this project with 
which you were involved at next fall's Iowa Home Economics Teachers 
Conference. 
Have a pleasant school year. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
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Depiirtment of 
Home Economics Ediicalion 
166 LeBaron Hall 
IOWA STATE : 
Telephone 515-294-6444 
October 4, 1976 
Dear 
I would like to express my appreciation to you for being able to conduct 
the first stages of one of our departmental research projects in the home 
economics housing class in your school. Hopefully we will be able to re­
port the findings of the research at the fall Iowa Home Economics Teachers 
Conference. 
Betty Stout, who taught the classes, spoke very favorably about attitude 
and response of the students which she witnessed while at . 
She also spoke highly of the interest and cooperation of both you and Mrs. 
I realize the importance of the school administrator when requests such as 
ours are made, and I wish to thank you. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
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Schools in Main Study 1 
School and address 
Boone High School 
Boone, Iowa 
East Greene High School 
Grand Junction, Iowa 
Hubbard Community School 
Hubbard, Iowa 
Ogden Community High School 
Ogden, Iowa 
Prairie Community School 
Gowrie, Iowa 
Roland-Story High School 
Story City, Iowa 
Home economics teacher Administrator 
Mrs. Kathleen Conway Mr. Larry Harrington 
Mrs. Fran Teagarden Mr. James Gilpin 
Miss Mavis Johnson 
Mrs. Sue Bogue 
Miss Colleen Joy 
Mrs. Betty Symons 
Mr. Myron Anderson 
Mr. Stanley Friesen 
Mr.. Carl F. Mattes 
Mr. Roger Pohlman 
^Schools were given an option in being recognized. One school in the 
study declined recognition. 
IOWA STATE 
166 
Department of 
Home Economics Education 
166 LeBaron Hall 
Ames, Iowa 50011 
UNIVERSITY Telephone 515-294-6444 
October 7, 1976 
Dear 
As a part of an on-going study of teaching methods, the Department of Home 
Economics Education at Iowa State University is developing methods and 
materials for teaching energy education in home economics classes. We had 
tryouts of the materials both last spring and this fall, and the response 
from teachers and pupils has been favorable. We are also pleased to have 
approval of and encouragement for this project from Gladys Grabe, Home 
Economics Consultant and Duane Toomsen, Environmental Education Consultant 
in the Department of Public Instruction. 
The lessons are designed to use two instructional approaches with random 
assignment to classes. Both include the same illustrative materials and 
the same basic content. Sample topics include the following: The Present 
Energy Resources Situation and Housing; Energy Use and Lifestyle; Deter­
mining the Energy Efficiency of Appliances and Equipment; Measuring 
Energy; Using the Climate to Best Advantage in Housing; Adapting Existing 
Homes for Energy Conservation and Future Energy Sources and Housing. 
Illustrations include tapes, slides, films, transparencies, handouts and 
models of such things as a solar heat collecting and storage unit, and 
door and window treatments for energy conservation. 
We are presently seeking eight classrooms for trial of the energy-related 
materials with high school students who are in their junior or senior 
year. The content would adapt best to home economics housing classes but 
there are possibilities in other home economics areas. Specific needs are 
for class periods of 45 to 60 minutes with about 12 to 25 pupils in each 
class. It does not matter whether boys, girls, or both. We need to do 
the teaching during this coming January, February, March, or April, 1977. 
A total of 10 consecutive days are needed to complete the lessons with an 
additional day needed for testing. 
Betty Stout and Helen Cavanaugh, both experienced teachers who are pres­
ently graduate assistants in our department, will teach the energy lessons 
for the 10-day period. All materials needed for the lessons will be pro­
vided although we cannot leave the materials in the school since we have 
only one of a kind. 
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A letter similar to this was sent to your principal, ' That 
letter includes several questions for your response (we were not sure 
which teacher should receive this) should you both agree that there would 
be an opportunity for our teaching in one or more of your classrooms. We 
do hope we can cooperate with you since we are anticipating a favorable 
response to the energy lessons and a contribution to the field of home 
economics through our research on teaching methods. 
If you have any immediate questions, please call me collect at the phone 
number listed on the letterhead. If I am not here, please do leave your 
number and one of us will return your call. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
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Department of 
Home Economics Education 
166 LeBaron Hall 
IOWA STATE 
R.S1TY Telephone 515-294-6444 
October 7, 1976 
Dear 
As a part of an on-going study of teaching methods, the Department of Home 
Economics Education at Iowa State University is developing methods and 
materials for teaching energy education in home economics classes. 
Approval of and encouragement for this project has been gained from Gladys 
Grabe, Home Economics Consultant and Duane Toomsen, Environmental Con­
sultant in the Department of Public Instruction. 
We are presently seeking eight classrooms for trial of the energy-related 
materials with high school students who are in their junior or senior 
year. The content would adapt best to home economics housing classes but 
there are possibilities in other home economics areas. 
Helen Cavanaugh and Betty Stout, both experienced teachers who are pres­
ently graduate assistants in our department, will teach the energy lessons 
for a total of 10 consecutive days with an additional day needed for test­
ing. All materials which are needed for the lessons will be supplied by 
us. Class periods ranging from 45 to 60 minutes with an enrollment of 12 
to 25 students are needed. We would like to do the teaching sometime 
during this January, February, March, or April, 1977. 
A more detailed letter of request has been sent to , Head 
of the Home Economics Department. We would appreciate your conferring 
with her (or the teacher who would be involved) should you both feel there 
would be an opportunity for our teaching in one or more of the home eco­
nomics classes. Questions for both your response and the teacher's re­
sponse have been enclosed in this letter. 
We do hope we can cooperate with you in this research effort. We are 
anticipating a favorable response to the energy lessons and a contribution 
to the field of home economics specifically and education generally 
through our research on teaching methods. 
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If you have any immediate questions, please call me collect at the phone, 
number listed above. A self addressed stamped envelope has been included 
for your response. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
Enclosure 
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Agreement Form for Participation in the Study 
To be completed by the school principal 
Principal 's name 
School address 
We would like to participate in this project. 
We will be unable to participate in this project. 
Further contact between the researchers and our school should be made with 
If your home economics department can participate, would you please have 
your home economics teacher/teachers fill in the remainder of this page. 
To be completed by the home economics teacher 
Teacher's name 
Address 
School telephone number 
I have class/classes that might be available for this project. The 
course titles are 
The grade level of the students would probably be " . 
The approximate date the energy content could be taught (just naming a month 
would be sufficient for now although only 2 weeks will be needed) . 
Our Christmas vacation is from to . 
The date our second semester begins is . Approximate time 
length of our class period(s) is minutes. The most convenient time 
to reach me during the school day is . 
A self-addressed envelope has been enclosed. 
H.Ed. ISU 10/76 
BLS/kb 
171 
IOWA STATE 
^LJ[NJI\^ERSnrY Telephone 515-294-6444 
February 1, 1977 
Dear 
I was pleased to learn of the opportunity to involve two of 
classes in the Iowa State University Home Economics Education Department 
research project regarding teaching methods. 
Betty Stout, one of the researchers, has been in contact with 
and we have received your written response. We have noted the dates-
March 14th through March 28th--and would like to confirm that we plan to 
use classrooms in our research. 
Helen Cavanaugh and Betty Stout will visit with and with you 
in person prior to teaching to discuss the details and to observe in the 
classrooms in which they will be teaching. Contacts will be made by phone 
soon to make the necessary arrangements for their visitation. 
I just wanted to confirm the dates and make our commitment to using your 
school in our sample via this letter. You may call me collect if you have 
any immediate questions. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
cc: ' , teacher 
Department of 
Home Economics Education 
166 LeBuron Hall 
Ames, Iowa 5(K)11 
172 
IOWA STATE 
Ur^IV^ERSITTY Telephone 515-294-6444 
March 1, 1977 
Depart ment of 
Home Economics Education 
166 LeBaron Hall 
Ames. Iowa 500) I 
Dear 
We enjoyed our visit with you and are pleased that you can take part in 
our departmental project studying teaching methods. 
This letter is to confirm our plans to include two of your classes for an 
eleven-day period in the project. We will be teaching your Textiles 
classes from March 14-March 28, as our records indicate now. The film 
projector (16 mm) is needed on the first day of class. We plan to arrive 
in time to arrange the necessary equipment. The first class begins at 
9:30 AM according to our records. 
Call us at the number listed above if you need to make any changes. 
We are looking forward to working with your classes. 
Sincerely, 
Ruth P. Hughes Helen Njus Betty Stout 
Professor and Head Project Instructor Project Instructor 
Home Economics Education 
cc: , Principal 
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IOWA STATE 
LiNJIV^ERSITY % clephone 515-294-6444 
March 15, 1977 
Dear 
Thank you for your cooperation and support of our departmental research 
efforts in home economics. Both Mrs. Njus and Ms. Stout spoke most 
favorably of their work in your school and of . assistance. 
As you probably know, each of classes which were a part 
of our project was taught by a different method regarding the Energy 
Management content. 
We will not identify students nor schools in our reporting of the re­
search. Later on when the lessons have been taught in all schools which 
are in our sample and the report is being written we will notify you and 
to see if you would or would not care to be identified 
in the acknowledgments of schools involved in this project. 
Again, thank you. 
Sincerely, 
Department of 
Home Economics Education 
166 LeBaron Hall 
Ames. Iowa 50011 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
cc: , teacher 
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IOWA STATE 
UNIVERSITY 
Department of 
Home Economics Education 
166 LeBaron Hall 
Ames. Iowa 50011 
T elephone 515-294-6444 
April 4, 1977 
Dear 
Thank you for the opportunity to teach in your classrooms. As you know, 
the work done in your two classes will contribute to a departmental re­
search project here at Iowa State. The classes provided us the oppor­
tunity to apply two different methods of teaching the energy management 
content. 
Helen and Betty spoke very favorably of your program and students. They 
appreciated the freedom you allowed them and the help you provided when 
they needed it. 
I am sure I speak for Helen and Betty in noting that we were very fortu­
nate in selecting your school to be a part of our research sample. 
Sincerely, 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
cc: , Principal 
175 
IOWA STATE 
UNIVERSITY 
May 
Department of 
Home Economics Educalion 
166 Le Baron Hall 
Ames. Iowa 50011 
Telephone 515-294-6444 
Dear 
As you will probably recall, Mrs. Helen Njus and Ms. Betty Stout taught a 
series of lessons on energy management in the home economics department in 
your school as a part of a departmental project here at Iowa State. 
We are now in the process of writing a report of the research and need 
your input regarding the acknowledgments section. 
Neither your school nor students will be identifiable in the report of the 
project. Schools have been given numbers and students have been identi­
fied by letters of the alphabet. 
We would, however, like to acknowledge those of you who cooperated with us 
by listing schools, principals, and teachers who participated in the re­
search. This recognition would appear as a list in the appendix of the 
report. May we include your school in the listing? 
Would you please detach and mail the following in the enclosed envelope? 
Thank you. 
Sincerely yours. 
Ruth P. Hughes 
Professor and Head 
Home Economics Education 
Please do include us in your acknowledgments. 
We would rather not be acknowledged. 
Signature . 
School 
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Calendar of Treatment Dates by School, Mode, 
Teacher and Total Teaching Time 
Mode Teacher 
Total teaching 
time in minutes Dates of teaching 
School 1 
Class #1 
2 1 315 January 20-February 10 (modular schedule) 
School 2 
Class #2 
1 2 550 January 21-February 22 
School 3 
Class #3 
2 1 405 February 9-February 24 (modular schedule) 
Class #4 1 1 405 February 9-February 24 (modular schedule) 
School '4 
Class #5 2 2 480 February 25-March 11 
Class #6 1 1 500 February 25-March 11 
School 5 
Class #7 2 2 520 March 14-March 28 
Class #8 1 1 520 March 14-March 28 
School 6 
Class #9 1 2 320 March 29-April 15 
School 7 
Class #10 2 1 500 April 18-May 2 
Class #11 2 2 500 April IB-May 2 
Class #12 1 2 500 April 18-May 2 
177 
APPENDIX B 
Page 
Topics, Objectives and Generalizations Outlined for 178 
Energy Management Modules 
Sample Lesson Plan in the Guided Discovery Mode of 192 
Instruction 
Sample Lesson Plan in the Expository Mode of 200 
Instruction 
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Topics, Objectives and Generalizations Outlined 
for Energy Management Modules 
DAY 1 LESSON 1 
Topics: History of Energy Use in America 
View of Present Energy Situation 
Positive Contributions of Energy 
Objectives: 
The student will : 
1. Translate the solutions or past energy problems into implications for 
solving developing energy problems. 
a. Recognize the positive aspects of energy use. 
b. List energy sources. 
c. Recognize the first energy sources used in America. 
d. Name future energy sources. 
e. Define the term "technology." 
2. Determine energy uses which accompany technological advances. 
a. Name the functions which energy serves. 
b. Identify personal use of appliances. 
c. Label appliances which were used a century ago. 
d. Name technological advances related to energy use. 
Generalization for objective #1 
Questions about energy--how to extract it, use it, convert it, and con­
serve it--are universal, only the answers differ for each historical 
period. 
Changes in use of energy sources by individuals and families have 
paralleled changes in the forms of energy made available by technology. 
Generalization for objective #2 
The use of energy consuming appliances to provide comfort, convenience, 
security (safety), pleasure, recreation, beauty, and esteem increases with 
technological advances. 
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DAY 2 LESSON 2 
Most students would have had this background in science courses; there­
fore, this lesson was included for reviewing purposes only. 
Topic: The Physical Properties of Energy: Basis for Energy Study 
Energy Defined 
Laws Governing the Use of Energy 
Energy Sources 
Energy Conversion 
End Uses of Energy 
Consumption Pattern 
Reasons for Conservation 
Objectives: 
The student will: 
1. Relate the physical properties of energy to proposed solutions to the 
energy situation in America. 
2. Apply the laws of thermodynamics to a decision about the use of an 
energy source. 
a. Define kinetic and potential energy. 
b. Identify the First and Second Law of Thermodynamics. 
c. List the primary energy sources. 
d. Identify primary energy sources as continuous or nonrenewable. 
e. Define the term conversion of energy. 
f. Recognize the end uses of energy. 
g. Identify the energy consumption pattern in America. 
h. Identify 3 reasons for conservation of energy. 
i. Name a current energy problem. 
Generalization 
The quality of an energy decision is dependent upon knowledge of basic 
principles of energy and facts about energy sources. 
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DAY 3 LESSON 3 
Topics: Lifestyle and Energy Consumption 
Intensiveness of Energy Use 
Alternatives for Conserving Energy 
Objectives: 
The student will: 
1. Relate lifestyle and energy consumption. 
a. Recognize different lifestyles. 
b. Identify indicators of energy consumption based on a person's 
lifestyle. 
2. Determine energy conservation and management alternatives which 
necessitate a change in lifestyle and those which do not imply a 
lifestyle change. 
a. Name alternative choices in meeting an energy need. 
b. Define energy intensiveness. 
c. Distinguish between direct and indirect calculation of the use of 
energy resources. 
d. Name ways human energy can be substituted for nonhuman or mechani­
cal sources. 
Generalizations for objective #1 
A quality lifestyle is dependent upon choices among alternatives which 
benefit the family unit. 
Housing, clothing, food, available governmental and private services and 
transportation used by individuals are indicators of an individual's 
energy-use lifestyle. 
Generalizations for objective #2 
It is possible to conserve resources through better management of the way 
one lives. 
A product's energy intensiveness is determined by the amount of energy 
used in developing, distributing, and using the product. 
Using energy closest to its source decreases energy loss. 
Energy resources are conserved as people exchange more energy intensive 
products for less intensive. 
The need for nonhuman energy sources is decreased and resources conserved 
as the use of human energy is increased to accomplish a task. 
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DAY 4 LESSON 4 
Topics: Systems Interacting with the Family 
The Impact of the Residential Consumer on Energy Consumption 
Energy Use Patterns in Homes 
Monitoring Energy Use 
Objectives: 
The student will: 
1. Identify systems outside the family which have the greatest influence 
on a particular energy situation. 
a. Recognize influences, choices, and sources of constraints on the 
consumer of energy. 
b. Recognize the aspects of energy use over which the consumer has 
control. 
c. Name systems which affect the potential impact of an individual's 
decisions about energy. 
2. Distinguish between energy conservation practices which make an impact 
on the family's energy consumption, and those which do not. 
a. Identify the major household uses of energy. 
b. Name appliances which use significant amounts of energy. 
c. Compare appliances based on yearly energy consumption. 
d. Read an electric meter. 
Generalizations and supporting facts for objective #1 
One-half of the family's energy needs are determined by factors beyond the 
family's control. Supporting fact. 
Technology, societal norms, economics, available resources in the environ­
ment, and governmental action contribute to an individual's consumption 
patterns. 
Generalizations and supporting facts for objective #2 
Space heating accounts for over half the energy consumed in the home. 
Supporting fact. 
Recognition of major home energy-using equipment and appliances can lead 
to more efficient energy conservation practice. 
The energy consumption of an appliance is determined by the frequency and 
duration (hours) of use and the power (watts). 
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DAY 5 LESSON 5 
Topics: Energy Efficiency 
Efficiency Defined 
Energy Efficiency Rating of Appliances 
Selection of Energy Efficient Appliances 
Long-Term Energy Consumption Cost 
Objectives: 
The student will : 
1. Compare the energy efficiency of appliances. 
2. Identify appropriate use of the energy efficiency ratio. 
3. Calculate the long-term cost of energy to run an appliance. 
a. Define energy efficiency. 
b. Recognize the purpose of consideration of the long-range cost of 
energy consumption. 
Generalizations and supporting facts 
Decision-making regarding the purchase of major appliances is enhanced 
with knowledge of the long-range cost of energy consumed by the appliance. 
The design, of the appliance determines its relative efficiency. 
The energy efficiency ratio quantifies efficiency. 
It is impossible to get 100% efficiency from an appliance. Products for 
family consumption have been developed devoid of energy concerns in many 
instances. Supporting fact. 
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DAY 5 LESSON 6 
Topics: Consideration of the Natural Environment for Energy Management in 
Housing (concentration will be on the sun and wind) 
A. Siting of the Home 
B. Orientation of the Home 
C. Landscaping 
D. Design of the House 
1. Volume 
2. Foundation 
3. Roof 
4. Structures 
a. Building Mass and Materials 
b. Color Selection 
c. Window Placement 
Objectives: 
The student will: 
1. Analyze the use of knowledge of the natural environment (sun and wind 
direction) in relation to siting, orientation, landscaping and design 
of the home. 
a. Recognize the relationship of the natural environment to energy 
conserving housing. 
b. Name factors affecting the amount of mechanical heat needed by a 
home. 
c. Define siting, orientation, design and landscaping. 
d. List one principle for the siting and orientation of the house for 
energy conservation for best use of the sun and wind. 
e. List the aspects of design of the home to consider in building or 
selecting housing. 
f. Recognize the contribution of landscaping to energy conservation. 
2. Determine the importance of the volume of the house in relation to 
heat loss or heat gain. (Content is repeated in lesson 9.) 
Generalizations for objective #1 
Planning the use of the natural environment (climate conditions) in 
housing is a means of managing energy consumption, contributes to comfort 
and can decrease the cost of buying energy. 
Wind factors are generally fixed for any region or geographic area and can 
be taken into account in housing selection through information acquired 
from weather bureaus and local residents. 
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The sun's path of rising north of east to its point of setting north of 
west in the summer and rising south of east and setting south of west in 
the winter has implications for the design, orientation and landscaping of 
the residence to maximize the winter sun and minimize the summer sun in 
cold climates. 
Consideration of the orientation, siting, landscaping and design of the 
house properly with respect to the sun and wind has enabled the individual 
to reduce the size of heating and air conditioning equipment while per­
mitting better contact with the environment. 
The energy requirement of a dwelling reflects the choice of site, orienta­
tion of the home, landscaping and design of volume, foundation, roof, 
structures (walls) windows, building material and colors selected. 
Properly planned landscaping provides wind protection, shading, control of 
ventilation and tempering of the environment. 
Generalization for objective #2 
The greater the enclosed volume of a dwelling in relation to the amount of 
exposed surface area, the less will be the heat loss in cold climates or 
heat gain in hot climates. 
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DAY 7 LESSON 7 
Topics: Effects of American Housing on Energy Consumption 
Heat Flow Principle Applied to Housing 
Passive Use of Solar Energy in Housing 
(continued from previous lesson) 
Choices for Energy Conservation in Various American Housing 
Types 
Criticism of American Housing 
Objectives: 
The student will : 
1. Apply the heat flow principle to housing. 
a. Define the term passive use of solar (radiant heat) energy. 
b. Recognize the advantages of using solar energy in a passive way 
in the home. 
c. Recognize the relationship of heat flow to energy conservation. 
d. Define heat conduction, air infiltration and exfiltration and R 
value. 
2. Determine the potential for involvement of the homeowner in energy-
related decisions in various types of housing situations. 
a. List the categorization of American housing. 
b. Recognize the criticism of those responsible for home construction 
when viewed in terms of energy conservation. 
Generalizations for objective #1 
Nonmechanical (passive) use of the sun's heat is a continuous, non-
polluting and cheap energy source. 
By increasing the direct use of continuous energy sources we can decrease 
depletion of natural resources and that portion of our budget which buys 
energy. 
Heat flow takes place in one direction—from a higher temperature region 
to a lower temperature region and must be controlled for comfort. 
The efficiency of materials in resisting heat flow is a consideration in 
material selection of building materials for housing. 
The energy conserving quality of a material may be determined by the rate 
in which it resists the flow of heat (R value). 
186 
Generalizations for objective #2 
The potential for energy-use decision making varies depending on the type 
of housing selected by the individual or family and the factors other than 
energy which impinge upon the decision. 
Consumer choices of housing in America may be categorized as to construc­
tion method (manufactured or stick-built), as to number of families for 
which the housing is to serve (single or detached or multiple attached), 
or as to who owns the residence (self-owned or rental). 
The assumed abundance of energy resources, the rate of mobility and the 
desire for convenience have contributed to housing devoid of energy 
concerns. 
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DAY 8 LESSON 8 
Topics: Home Retrofitting for Energy Conservation 
Purposes Served by Retrofitting 
Control of Air Infiltration 
Control of Air Exfiltration 
Control of Heat Conduction 
Where to Look for Areas of Heat Gain or Heat Loss 
Recommendations for Control of Heat Gain or Heat Loss 
Selection of Materials for Retrofitting (optional) 
Objectives: 
The student will: 
1. Relate the control of air infiltration and heat conduction to retro­
fitting of the home to control heat gain in summer and heat loss in 
winter. 
•a. Identify home retrofitting measures as to control of air infiltra­
tion, exfiltration and heat conduction. 
b. Recognize the advantage of retrofitting for controlling both heat 
loss and heat gain. 
2. Given an example of a home which lacks energy conserving qualities, 
the student will make recommendations for retrofitting of the home for 
energy conservation. 
a. List areas of the home which are sources of air infiltration and 
heat conduction. 
b. Identify areas of the home in which insulation may be placed. 
c. Identify areas of the home in which caulking and weather stripping 
might be needed to control air infiltration. 
d. Identify window and door applications (selection) which would 
control heat conduction. 
3. Determine considerations to be made in selection of materials for 
retrofitting of the home, (optional) 
Generalizations for objective #1 
The energy conserving quality of a material may be determined by the rate 
in which it resists the flow of heat (R value). 
Air passing through cracks and crevices termed air infiltration or ex­
filtration must be controlled for human comfort. 
Retrofitting of the home provides energy conservation in both summer and 
winter through control of heat gain and heat loss. 
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Generalizations for objective #2 
Air infiltration and heat conduction in a residence may be controlled 
through retrofitting of walls, attics, floors, doors and windows to pro­
vide comfort and economic and environmental savings. 
Generalization for objective #3 (optional) 
Selection of materials for retrofitting of the home is dependent on the 
area in which the material is to be used, knowledge of application, ease 
of application, money available to spend in retrofitting, long-term 
savings as a result of retrofitting, availability of materials, time in­
volved in application, properties of the materials and place they will be 
used and who will do the work. 
DAY 9 LESSON 9 
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Topics: Alternative Energy Sources 
Importance of Conversion of Sources to Electricity 
Feasibility of Use of Various Energy Sources 
Objectives: 
1. Given a description of an energy source, which is presently not in 
common use, the student will predict the acceptability of the source 
in America. 
The student will : 
a. Recognize the importance of the ease of converting energy sources 
to electrical power in predicting the usability of energy sources 
in housing. 
b. Recognize the controversy associated with the development of some 
energy sources. 
c. List the determining factors to consider in predicting the 
acceptability of alternative energy sources. 
Generalizations 
Energy sources which may be converted to electricity provide an oppor­
tunity for consumers to use the energy delivery system presently in homes 
and, thereby,decrease the need to change the lifestyle of the individual 
or family. 
Acceptance of energy sources is dependent upon the availability of the 
source, ease of getting the energy source to the homes, flexibility of 
use of the source, cost, safety of use, degree of public environmental 
consciousness and tradition. 
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DAY 9 & 10 
Topic: Active Use of Solar Energy 
Active Use Defined 
Home Design for the Use of Solar Energy and the Natural 
Environment 
Lifestyle and Solar Energy Usage 
Components of a Solar System 
Environmental Advantages of Solar Usage 
Acceptance of Solar Energy for Home Heating 
Objectives: 
1. Given a description of a house designed to utilize solar energy in an 
active and passive manner in a means different from that used in the 
class, the student will classify various aspects of the solar system, 
relate the solar system to the house design selected and predict the 
possible lifestyle changes necessitated. 
The student will : 
a. Define active use of solar energy as it applies to the home, 
b. Contrast the design and energy conserving features of a home 
built to maximize energy conservation with a home built with low 
energy conserving priorities, (builds on a previous lesson) 
c. Identify lifestyle changes which would accompany the use of solar 
energy for space heating and water heating as predicted with the 
present solar technology. 
d. Recognize the 3 major components of solar systems and give 1 
example of each. 
e. Recognize the environmental advantage of the use of active and 
passive solar energy in housing. 
f. Identify the reasons for widespread acceptance or rejection of 
solar energy as a home space heating source. 
Generalizations and supporting facts 
a. Active solar usage refers to situations in which the hardware has been 
specifically designed to use and store the sun's heat. Supporting 
fact. 
b. A combination of passive and active use of solar energy and the use of 
the natural environment to best advantage in the home can decrease the 
amount of fossil fuel energy sources used in the residence and the 
cost of energy. 
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c. Lifestyle changes recommended for the use of solar energy in a direct 
manner in the home are related to the time that hot water will be 
available and to controlling the solar heating source for comfort and 
may be minimized with use of a conventional back-up space and water 
heating systems and with management of the solar system. 
d. The basic parts for any use of solar energy in an active manner for 
heating are the collecting device to collect the sun's rays with a 
medium to transfer the heat to the storage device which is to contain 
the heat until the time it is needed in the house, and a means to 
transfer the heat to the rooms of the house. 
e. Application of solar energy to heat residences necessitates design 
considerations for collection transfer, storage and distribution of 
the heat. 
f. The emergence of the acceptability of solar energy will depend upon 
such factors as the technology available, ease of conversion of 
existing homes, governmental support, cost, lifestyle changes neces­
sitated the cost of use of fossil fuel sources. 
g. Solar energy may be used directly or be converted to electricity. 
Supporting fact. 
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Sample Lesson Plan in the Guided Discovery Mode of Instruction 
DAY 9 LESSON 9 
Equipment Needed Materials Needed 
Tape recorder 
Chalkboard 
Carousel projector 
Screen 
Overhead projector 
Extension cord 
Music tape 
10 blank transparencies and 
markers 
Model solar home 
Extension cord 
Clip board 
Outline describing model home 
for use by researchers 
Minneapolis slides 
Slides of various designs of 
solar homes 
Newspaper articles on 
1) solar home located in 
Ogden, Iowa 
2) solar heated animal 
shelters 
3) proposed solar home to 
be placed on thé univer­
sity campus 
Solar-use handout (in quantity) 
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DAY 9 
Topic: Active Use of Solar Energy 
Components of a Solar System 
House Design for Use of Solar Energy and Consideration of 
the Natural Environment 
Active Use of Solar Energy-Defined 
Environmental Advantages of Solar Use 
Lifestyle and Solar Energy Use 
Acceptance of Solar Energy for Home Heating 
Objectives: 
1. Given a description of a house designed to utilize solar energy in an 
active manner in a means different from that used in the class, the 
student will classify various aspects of the solar system, relate the 
solar system to the house design selected and predict the possible 
lifestyle changes necessitated. 
The student will : 
a. Recognize the 3 major components of solar systems. 
b. Contrast the design and energy conserving features of a home built 
to maximize energy conservation with a home built with low energy 
conserving priorities, (builds on previous lesson) 
c. Define active use of solar energy as it applies to the home. 
d. Recognize the environmental advantage of the active and passive 
use of solar energy in housing. 
e. Identify lifestyle changes which would accompany the use of solar 
energy for space heating and water heating as predicted with the 
present solar technology. 
f. Identify the reasons for widespread acceptance or rejection of 
solar energy as a home heating source. 
Generalizations and supporting facts 
1. The basic parts for any use of solar energy in an active manner for 
heating are the collecting device to collect the sun's rays with a 
medium to transfer the heat to the storage device to contain the heat 
until the time it is needed in the house, and a means to transfer the 
heat to the rooms of the house. 
2. Application of solar energy to heat residences necessitates design 
considerations for collection, transfer, storage and distribution of 
the heat. 
3. Active solar usage refers to situations in which hardware has been 
specifically designed to use and store the sun's heat. 
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DAY 9 
4. A combination of passive and active uses of solar energy and the use 
of the environment to best advantage in the home can decrease the 
amount of fossil fuel energy sources used in the residence and the 
resulting cost of energy. 
5. Lifestyle changes recommended for the use of solar energy in a direct 
manner in the home are related to the time that hot water will be 
available and to controlling the solar heating source for comfort; 
changes may be minimized with use of a conventional back-up space and 
water heating systems and with management of the solar system, (com­
pleted in day 10 lesson) 
6. The emergence of the acceptability of solar energy will depend upon 
such factors as the technology available, ease of conversion of 
existing homes, governmental support, cost, lifestyle changes neces­
sitated and the cost of use of fossil fuel sources, (completed in 
day 10 lesson) 
7. Solar energy may be used directly or be converted to electricity. 
*Note to reseacher 
This lesson does not cover the use of solar energy for cooling the resi­
dence nor does it describe solar farms in which the sun's energy is con­
verted to electricity. The solar farm would be similar to our present 
distribution systems in which the family is somewhat removed from the 
energy generating process--hence requiring no change in home design. 
We are discussing use of the source directly and actively in the home. 
The application of solar with which this lesson is concerned does require 
changes in design and possibly in lifestyle. 
*Researcher - Three days prior to this lesson—begin monitoring model 
solar collector. Make cards for students to report temperatures and 
attach to clip board. Do not plan to have the collector outdoors today. 
It is needed for demonstration purposes. 
195 
LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Show a picture of the sun Picture of sun 
You are to use the sun as a heating system in 
your home which is a new stick-built single 
family dwelling. There are solar farms which 
are attempts to use the sun's energy to gen­
erate electricity, but they are not availa­
ble to you. 
What would you need for this? 
Work in groups of 3 people for 6 minutes. 
Sketch what you think is needed on the 
transparencies provided. 
Play sun music while students work, and post 
articles on solar energy if they are needed. 
Try to work the ideas out yourself. Materials 
are available to help you if you are really 
having difficulty. 
Let all groups finish and describe their trans­
parency. 
Tape of music in 
which each song has 
a sun theme 
Articles on solar 
homes 
1 blank transparency 
for each group/ 
markers 
Chalkboard 
List students' ideas on the board 
Grouping of Ideas 
What belongs together that is on the board? 
Why did you put those together? 
What else is related? 
Are some of your answers the same--but just 
said in a different way? 
Labelinq 
Can you think of a heading for each list? 
Is this the heading you would like? 
What is this similar to that is in you own 
home? 
Generalization: 
The basic parts for any use of solar energy 
in an active manner for heating are the col-
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
1 acting device to collect the sun's rays 
with a medium to transfer the heat to a 
device which is to contain the heat until 
the time it is needed in the home, and a 
means to transfer the heat to the rooms 
of the house. 
*Researcher - these questions might be necessary 
1. What happens during the night when there 
is no sun? How do you keep your house 
warm then? 
2. How are you going to get the heat to the 
different rooms? 
Suppose you are an architect. Make a true 
statement about major ideas you would have 
to consider if you were designing a solar 
home? 
Generalization: 
Application of solar energy to heat resi­
dence necessitates design considerations 
for collection and transfer, storage and 
distribution of the heat. 
*Note if a solar pond is used the design may 
not need to consider all of the above. 
Let's take these categories that you have 
decided help to make up a solar heating 
system and look at them more closely. 
What actually would work as a collector? 
Why do you think it would work? 
What else would be needed to collect the 
sun's rays? 
How would you get the heat transferred so 
it wouldn't just be kept in one place? 
What medium could you use? 
In which direction N S E or W would you 
place the collectors? (This is based 
on Day 6 lesson.) 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Write the ideas for collector on the board. Chalkboard 
Now you have collected the heat and you 
figured out a medium to transfer it. 
Which of the categories that you worked out 
earlier would be the next step? 
A place to store the heat. 
What would work best to store heat? 
Why? 
Write the ideas on the chalkboard. Chalkboard 
Now that you have the heat stored, how 
could you get it out of that container to 
the rooms of the house? 
Why would or wouldn't that work? 
Write the ideas on the chalkboard. 
We don't really know right now if your idea 
is correct. (Explain to students that all 
kinds of ideas are being experimented with.) 
Here is the model house that we have had Model solar home 
outside the school this week. As you'll 
recall, I didn't answer many of your ques­
tions then. I will answer questions now. 
You are to look for the 3 parts you identi­
fied earlier today and decide how they work 
in this particular model. 
You may make a statement when you think you Clip board 
know how a particular part works. 
You may also criticize this model since some 
mistakes were made in its design. 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Have students report the temperature readings 
from use of the solar unit or go outdoors to read 
the thermometer on the model solar home. This 
depends on the weather and the ease of taking the 
class to where the solar collector is placed. 
Optional. Show students one of the Minneapolis • Slide from 
home slides if they cannot visualize the system. Minneapolis solar 
Let students describe what is happening in each home showing the 
of the slides. solar system 
How does this use of solar energy differ from 
that which we studied earlier this week? 
The other was passive use. 
Generalization: 
Active solar usage refers to situations in 
which hardware has been specifically de­
signed to use and store the sun's heat. 
Here we are trying to harness the heat. 
Why would people want to use solar energy in 
both passive and active forms? 
Saves use of fossil fuels. 
Generalization: 
A combination of active and passive uses 
of solar energy in the home can decrease 
the amount of fossil fuel energy sources 
used in the residence. 
*Researchers may have to let students look for 
facts on the cost of active solar system. 
Assignment 
Pass out handout on solar energy and assign Handout in quantity 
reading. 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
*This lesson was continued to the tenth day of 
teaching. Generalizations 5 and 6 were included 
in the content of the lesson on the 10th day. 
The lesson on day 10 also presented the topic of 
the acceptability of future energy sources. 
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Sample Lesson Plan in the Expository Mode of Instruction 
DAY 9 LESSON 9 
Equipment Needed Materials Needed 
Tape recorder 
Chalkboard 
Carousel projector 
Screen 
Overhead projector 
Extension cord 
Music tape 
Model solar home 
Extension cord 
Clipboard 
Outline describing model home for 
use by researchers 
Minneapolis slides 
Slides of various designs of solar 
homes 
ISU solar house slides and tapes 
Newspaper articles on 
1) solar home located in 
Ogden, Iowa 
2) solar heated animal shelters 
3) proposed solar home to be 
placed on the university 
campus 
Solar use handout (in quantity) 
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DAY 9 
Topic: Active Use of Solar Energy 
Active Use of Solar Energy-Defined 
Home Design for the Use of Solar Energy and Consideration 
of the Natural Environment 
Lifestyle and Solar Energy Usage 
Components of a Solar System 
Environmental Advantages of Solar Use 
Acceptance of Solar Energy for Home Heating 
Objectives: 
1. Given a description of a house designed to utilize solar energy in an 
active and passive manner in a means different from that used in the 
class, the student will classify various aspects of the solar system, 
relate the solar system to the house design selected and predict the 
possible lifestyle changes necessitated. 
The student will : 
a. Define active use of solar energy as it applies to the home. 
b. Contrast the design and energy conserving features of a home built 
to maximize energy conservation with a home built with low energy 
conserving priorities, (builds on previous lesson) 
c. Identify lifestyle changes which would accompany the use of solar 
energy for space heating and water heating as predicted with the 
present solar technology. 
d. Recognize the 3 major components of solar systems, (completed in 
day 10 lesson) 
e. Recognize the environmental advantage of the use of active and 
passive solar energy in housing, (completed in day 10 lesson) 
f. Identify the reasons for widespread acceptance or rejection of 
solar energy as a home heating source, (completed in day 10 
lesson) 
Generalizations and supporting facts 
1. Active solar usage refers to situations in which the hardware has been 
specifically designed to use and store the sun's heat. 
2. Solar energy may be used directly or be converted to electricity. 
3. A combination of passive and active use of solar energy and the use of 
the natural environment to best advantage in the home can decrease the 
amount of fossil fuel energy sources used in the residence and the re­
sulting cost of energy. 
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DAY 9 
4. Lifestyle changes recommended for the use of solar energy in a direct 
manner in the home are related to the time that hot water will be 
available and to controlling the solar heating source for comfort; 
changes may be minimized with use of a conventional back-up space and 
water heating systems and with management of the solar system. 
5. The basic parts for any use of solar energy in an active manner for 
heating are the collecting device to collect the sun's rays with a 
medium to transfer the heat to the storage device to contain the heat 
until the time it is needed in the house, and a means to transfer the 
heat to the rooms of the house, (completed in day 10 lesson) 
6. Application of solar energy to heat residences necessitates design 
considerations for collection transfer, storage and distribution of 
the heat, (completed in day 10 lesson) 
7. The emergence of the acceptability of solar energy will depend upon 
factors as the technology available, ease of conversion of existing 
homes, governmental support, cost, lifestyle changes necessitated and 
the cost of use of fossil fuel sources, (completed in day 10 lesson) 
*Note to researcher 
This lesson.does not cover the use of solar energy for cooling the resi­
dence nor does it discuss solar farms in which the sun's energy is con­
verted to electricity. The solar farm would be similar to our present 
distribution systems in which the family is somewhat removed from the 
energy generating process--hence requiring no change in home design. 
We are discussing use of the source directly and actively in the home. 
The application of solar with which this lesson is concerned does require 
changes in design and possibly in lifestyle. 
*Researcher - Three days prior to this lesson—begin monitoring model 
solar collector. Make cards for students to report temperatures and 
attach to clipboard. Do not plan to have the collector outdoors on day 
10. It is needed for demonstration purposes. 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Set up the solar collector outdoors. Have two 
students read the collector thermometers and 
record the readings. 
Play tape of songs with a sun theme 
Solar home model 
Extension cord 
Clipboard to record 
readings 
Tape of music in 
which each song has 
sun theme 
ADVANCE ORGANIZER 
Show slides of 10 solar homes, all designed 
differently and explain that each house has 
one thing in common, that of using the sun's 
energy to heat the home. 
Emphasize that the lesson concentrates on the 
use of the sun as an energy source. This 
particular energy source was chosen because it 
may be a source on which Americans will depend 
in the future. Lifestyle changes may be 
necessitated in order to use solar energy. 
Our purpose is to learn how lifestyles might 
be changed and how houses can be designed to 
use the natural environment, including solar 
energy, to the best advantage for saving 
energy. 
Recall that the passive use of solar energy 
was discussed earlier in the week in descrip­
tions of designing homes for energy conserva­
tion. This lesson emphasizes both active and 
passive use of solar energy. Active solar 
usage refers to situations in which hardware 
has been specifically designed to use and store 
the sun's heat. This hardware was evident in 
the various houses shown in the slides at the 
beginning of the hour. 
Ask students the following: 
Recall an example of passive use of solar 
energy which was described in the lesson 
days ago. (Day. 6 lesson) 
Carousel projector 
slides 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Would heating water in a bucket in the sun 
be termed passive or active use of the sun's 
heat? 
Has anyone seen a solar home? Describe it. 
Give students the handout which summarizes the 
various uses that can be made of solar energy. 
Assign reading of the handout and explain that 
the day's lesson will be devoted to the first 
example. Read that example to students. 
The second use described on the handout (solar 
farms) would serve as a means of producing 
electricity; hence, there would be no life­
style change necessitated. Our purpose is to 
view a source that would cause lifestyle change. 
Introduce the slide/tape presentation on the 
proposed solar heated home to be built near 
the university campus including: 
1) That the researcher talked in person to 
one of the architects who planned the 
house and taped the conversation. 
2) An explanation of where the house will 
be located and the approximate time of 
its completion. 
Show the first three slides of different angles 
of the solar home. Tell the compass orienta­
tion. 
Instruct students to listen for answers to the 
following questions: 
1) What lifestyle changes are predicted for 
people using solar heating systems? 
2) List the ways the architects who designed 
the solar home considered the Iowa climate 
and environment in planning this home. 
Handout in quantity 
Recorder 
Carousel projector 
Tape 
Slides 
Present the slide/tape series. 
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LESSON 9 
CONTENT AND ACTIVITIES MATERIALS 
Stop on page 10 of the script. 
Tell students the lesson will be continued the 
next day. 
Go over student answers to the two questions 
asked. 
Answers -
1. Lifestyle changes recommended for the use 
of solar energy in a direct manner in the 
home are related to the time that hot water 
will be available and to controlling the 
solar heating source for comfort. Changes 
may be minimized with use of a conventional 
back-up space and water heating systems and 
with management of the solar system. 
2. The natural environment was taken into 
account in the following ways: 
a) Maintaining a low ratio of surface area 
to usable space. 
b) Reducing the temperature difference be­
tween outside and inside temperatures 
by berming the earth. 
c) Reducing heat transfer by making the 
envelope (the home) as efficient as 
possible in stopping the passege of 
air. 
d) Planning ventilation with window 
placement. 
e) Planning a roof configuration that was 
flat to hold snow. 
f) Planning the compass orientation of the 
home with the sun and wind factors. 
g) Zoning of the home. 
h) Locating the garage on the north side. 
Record the temperature readings on the solar Clipboard and marker 
collector. 
Remind students of reading assignment. 
This lesson was continued through the 10th day 
of teaching. 
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APPENDIX C: MEAN SCORES PRESENTED IN TABLES 
FOR THE ANALYSES BY SUBJECTS 
The codes for the independent variables in the tables included in 
this Appendix are as follows: 
= Expository Mode 
Mg = Guided Discovery Mode 
T/\ = Teacher A 
Tg = Teacher B 
N = Number 
X = Sex of Subject 
1 = male 
2 = female 
GPA = Grade Point Average 
GPA 1 = < 2.66 
GPA 2 = > = 2.65 
Time = Time in minutes in which the 
treatment was received 
Table 25. Means for five dependent variables by mode and teacher (N = 170) 
Attitude Attitude Achievement Knowledge Application 
M T N pretest posttest total subset subset 
1 A 52 54.83 57.29 13.50 6.96 6.54 
1 B 28 55.21 54.54 13.46 6.89 6.57 
2 A 42 52.50 52.86 13.81 7.12 6.69 
2 B 48 54.52 56.60 14.21 6.83 7.38 
94 53.79 55.31 13.64 7.03 6.61 
76 54.78 55.84 13.93 6.86 7.08 
M 
1 80 54.96 56.33 13.49 6.94 6.55 
2 90 53.58 54.86 14.02 6.97 7.06 
Means 170 54.23 55.55 13.77 6.95 6.82 
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X 
1 
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Means for five dependent variables by mode, teacher and sex of subjects (N = 170) 
Attitude Attitude Achievement Knowledge Application 
T X N pretest posttest total subset subset 
A 1 47 55.49 58.28 13.19 6.77 6.42 
A 2 5 48.60 48.00 16.40 8.80 7.60 
B 1 22 55.55 54.59 12.55 6.55 6.00 
B 2 6 54.00 54.33 16.83 8.17 8.67 
A 1 27 53.93 54.07 12.89 6.70 6.19 
A 2 15 49.93 50.67 15.47 7.87 7.60 
B 1 40 55.58 57.68 13.80 6.55 7.25 
B 2 8 49.25 51.25 16.25 8.25 8.00 
X 
1 74 54.92 56.74 13.08 6.74 6.34 
2 20 49.60 50.00 15.70 8.10 7.60 
1 62 55.56 56.58 . 13.35 • 6.55 6.80 
2 14 51.29 52.57 16.50 . 8.21 8.29 
X 
1 69 55.51 57.10 12.99 6.70 6.29 
2 11 51.55 51.45 16.64 8.45 8.18 
1 67 54.91 56.22 13.43 6.61 6.82 
2 23 49.70 50.87 15.74 8.00 7.74 
136 55.21 56.67 13.21 6.65 6.55 
34 50.29 51.06 16.03 8.15 7.88 
N = 170 
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Table 27. Means for attitude change scores by mode and teacher (N = 170) 
M N Attitude change scores 
T 
A 
B 
1 
1 
2 
2 
M 
1 
2 
A 
B 
A 
B 
52 
28 
42 
48 
94 
76 
80 
90 
2.46 
-0.69 
0.36 
2.08 
1.52 
1.07 
1.36 
1.28 
Overall means 170 1.32 
Table 28. Means for attitude change scores by mode, teacher and sex of 
subjects (N = 170) 
M T X N Attitude change scores 
1 A 1 47 2.79 
1 A 2 5 -0.60 
1 B 1 22 -0.95 
1 B 2 6 0.33 
2 A 1 27 0.15 
2 A 2 15 0.73 
2 . B 1 40 2.10 
2 B 2 8 2.00 
T X 
A 1 74 1.82 
A 2 20 0.40 
B 1 62 1.01 
B 2 14 1.29 
M X 
1 1 69 1.59 
1 2 11 -0.09 
2 1 67 1.31 
2 2 23 1.17 
X 
1 136 1.46 
2 34 0.76 
N = 170 
Table 29. Means for five dependent variables with corresponding treatment time in minutes (N =• 170) 
Attitude Attitude Achievement . Knowledge Application 
Time N pretest posttest total subset subset 
315 18 54.11 53.56 13.33 7.17 6.17 
320 7 55.14 55.00 14.57 7.43 7.14 
405 23 50.22 52.26 12.04 6.04 6.00 
480 14 53.36 53.79 14.00 6.50 7.50 
500 61 54.79 55.97 15.15 7.57 7.57 
520 37 55.92 59.38 12.86 6.57 6.30 
550 10 54.60 52.80 12.60 6.60 6.00 
N = 170 
Table 30. Mean scores adjusted for effect of grade point averages for five dependent variables by 
mode and teacher (N = 161)® 
M T N 
Attitude 
pretest 
Attitude 
posttest 
Achievement 
total 
Knowledge 
subset 
Application 
subset 
1 A 48 54.77 57.48 13.29 6.85 6.44 
1 B 28 55.21 54.54 13.46 6.89 6.57 
2 A 42 52.50 52.86 13.81 7.12 6.69 
2 B 43 54.98 57.37 14.42 6.95 7.47 
T 
A 90 53.71 55.32 13.53 6.98 6.56 
B 71 55.07 56.25 14.04 6.93 7.11 
M 1 76 54.93 56.39 13.36 6.87 6.49 
M 2 85 53.75 55.14 14.12 7.04 7.08 
Overall means 161 54.31 55.73 13.76 6.97 6.80 
^Grade point averages were not available for 9 of the 170 subjects. N = 161 for any analysis 
with GPA. 
T 
1 
1 
1 
1 
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2 
2 
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1 
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1 
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2 
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Grade point averages as a discrete independent variable (N = 161) (GPA 1 = < 2.66; 
GPA 2 = > 2.66)3 
X GPA N 
Attitude 
pretest 
Attitude 
posttest 
Achievement 
total 
Knowledge 
subset 
Application 
subset 
1 1 23 55.13 57.26 11.74 5.82 5.91 
1 2 20 55.90 60.10 14.30 7.55 6.75 
2 1 2 49.50 • 47.00 14.50 8.00 6.50 
2 2 3 48.00 48.67 17.67 9.33 8.33 
1 1 13 55.85 54.00 11.62 5.85 5.77 
1 2 9 55.11 55.44 13.89 , 7.56 6.33 
2 1 3 51.67 52.33 16.33 7.00 9.33 
2 2 3 56.33 56.33 17.33 9.33 8.00 
1 1 16 53.06 52.75 11.13 5.81 5.31 
1 2 11 55.18 56.00 15.45 8.00 7.45 
2 1 8 49.63 52.13 13.63 6.75 6.88 
2 2 7 50.29 49.00 17.57 9.14 8.43 
1 1 14 54.71 58.36 13.14 5.86 7.29 
1 2 22 56.64 58.18 14.27 7.00 7.27 
2 1 2 47.00 48.00 15.00 8.00 • 7.00 
2 2 5 51.60 54.80 18.40 9.40 9.00 
ho 
possible main effects and interactions are not shown. They are very similar to those in 
Table 31. (Continued) 
Attitude Attitude Achievement Knowledge Application 
M T X GPA N pretest posttest total subset subset 
T GPA 
1 1 49 53.33 54.53 11.96 6.06 5.90 
1 2 41 54.17 56.27 15.41 8.07 7.34 
2 1 32 54.40 55.38 12.94 6.09 6.84 
2 2 39 55.66 56.97 14.95 7.62 7.33 
M GPA 
1 1 41 54.83 55.37 12.17 6.02 6.14 
1 2 35 55.06 57.60 14.74 7.86 6.89 
2 1 40 52.65 54.35 12.53 6.12 6.40 
2 2 45 54.73 55.84 15.53 7.84 7.69 
GPA 
1 81 53.75 54.86 12.35 6.07 6.27 
2 80 54.88 56.61 15.19 7.85 7.34 
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Table 32. Grade point averages analyzed as a dependent variable by mode 
and teacher 
M T GPA 
1 A 2.71 
1 B 2.47 
2 A 2.51 
2 B 2.88 
T 
A 2.61 
B 2.71 
M 
1 2.52 
2 2.69 
Overall means 2.66 
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APPENDIX D: MEAN SCORES PRESENTED IN TABLES 
FOR THE ANALYSES BY CLASSES 
The codes for the independent variables in the tables included in 
this Appendix are as follows: 
= Expository Mode 
Mg = Guided Discovery Mode 
T^ = Teacher A 
Tg = Teacher B 
N = Number 
X = Sex of Subject 
1 = male 
2 = female 
GPA = Grade Point Average 
GPA 1 = < 2.66 
GPA 2 = > = 2.65 
Time = Time in minutes in which the 
treatment was received 
Table 33. Means for five dependent variables by mode and teacher (N = 12) 
Attitude Attitude Achievement Knowledge Application 
M T N pretest posttest total subset subset 
1 A 3 54.87 57.00 13.72 7.06 6.66 
1 B 3 55.19 54.54 13.57 6.95 6.62 
2 A 3 52.08 53.23 13.42 6.83 6.60 
2 B 3 54.66 56.61 14.00 6.73 7.27 
• 6 53.47 55.12 13.57 6.94 6.63 
6 54.92 55.58 13.79 6.84 6.95 
M 
1 6 55.03 55.77 13.65 7.01 6.64 
2 6 53.37 54.92 13.71 6.78 6.94 
means 12 54.20 55.35 13.68 6.89 6.79 
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Table 34. Means for attitude change scores by mode and teacher (N = 12) 
M T N Attitude change scores 
1 A 3 2.14 
1 B 3 -0.65 
2 A 3 1.15 
2 B 3 1.95 
T 
A 5 1.64 
B 5 0.65 
M 
1 6 0.75 
2 6 1.55 
Overall means 12 1.15 
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Table 35. Means for attitude change scores by mode and teacher with 
. corresponding grade point averages (N = 12) 
GPA N Attitude change scores 
2.19 1 4.88 
2.29 1 -1.80 
2.46 1 0.00 
2.54 2 1.70 
2.61 1 -0.88 
2.68 2 1.54 
2.70. ' 1 -0.14 
2.92 1 2.90 
3.00 1 0.43 
3.12 1 1.92 
M T 
1 A 3 2.14 
1 B 3 -0.65 
2 A 3 . 1.15 
2 B 3 1.96 
T 
A 6 1.64 
B 6 0.65 
M 
1 6 0.75 
2 6 1.55 
Overall means. 12 1.15 
Table 36. Means for five dependent variables with corresponding treatment time in minutes (N = 12) 
Attitude Attitude Achievement Knowledge Application 
Time N pretest posttest total subset subset 
315 1 54.11 53.56 13.33 7.17 6.17 
320 1 55.14 55.00 14.57 7.43 7.14 
405 2 50.25 52.96 11.89 5.89 6.00 
480 1 53.36 53.79 14.00 6.50 7.50 
500 4 55.12 56.11 15.05 7.55 7.49 
520 2 56.08 59.33 12.84 6.50 6.33 
/ 
550 1 54.60 52.80 12.60 6.60 6.00 
Table 37. Mean scores adjusted for the effect of grade point average on five dependent variables 
by mode and teacher (N = 12) 
Attitude Attitude Achievement Knowledge Application 
N M pretest posttest total subset subset 
6 1 55.08 55.77 13.72 7.04 6.68 
6 2 53.32 54.91 13.64 6.74 6.90 
T 
6 A 53.60 55.12 13.76 7.04 6.72 
6 B - 54.79 55.57 13.60 6.74 6.85 
T 
3 1 A 54.30 56.99 12.89 6.63 6.25  
3 1 B 55.86 54.56 14.56 7.45 7.10 
3 2 A 54.91 53.25 14.64 7.45 7.19 
3 2 B 53.73 56.58 12.63 6.03 6.61 
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Table 38. Grade point averages analyzed as a dependent variable; means 
for grade point averages by mode and teacher (N = 12) 
M T N G PA 
1 A 3 2.78 
1 B 3 2.49 
2 A 3 2.45 
2 B 3 2.87 
T 
A 6 2.62 
B 6 2.68 
1 6 2.64 
2  6  2 .66  
Overall means 12 2.65 
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Table 39, Mean and standard deviation for variables by class (N = 12) 
Number Standard 
Variable in class Mean deviation 
Class 1 
Attitude pretest 18 54.11 5.11 
Attitude posttest 18 53.56 5.96 
Achievement total 18 13.33 3.69 
Knowledge subset 18 7.17 2.04 
Application subset 18 6.17 2.36 
Grade point average 18 2.54 6.41 
Time in minutes for 
treatment 18 315 
Attitude change 18 -0.56 5.62 
Class 2 
Attitude pretest 10 54.60 5.36 
Attitude posttest 10 52.80 4.24 
Achievement total 10 12.60 3.92 
Knowledge subset 10 6.60 . 2.12 
Application subset 10 6.00 2.26 
Grade point average 10 2.30 4.77 
Time in minutes for 
treatment 10 550 
Attitude change 10 -1.80 4.08 
Class 3 
Attitude pretest 8 50.38 5.10 
Attitude posttest 8 55.25 6.50 
Achievement total 8 11.38 2.83 
Knowledge subset 8 5.38 1.60 
Application subset" 8 6.00 2.51 
Grade point average 8 2.19 6.77 
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Table 39. (Continued) 
Number Standard 
Variable in class Mean deviation 
Time in minutes for 
treatment 8 405 
Attitude change 8 4.88 5.62 
Class 4 
Attitude pretest 15 50.13 6.73 
Attitude posttest 15 50.67 6.10 
Achievement total 15 12.40 3.70 
Knowledge subset 15 6.40 2.47 
Application subset 15 6.00 2.27 
Grade point average 15 2.68 4.71 
Time in minutes for 
treatment 15 405 
Attitude change 15 0.53 5.77 
Class 5 
Attitude pretest 14 53.36 6.21 
Attitude posttest 14 53.79 7.02 
Achievement total 14 14.00 3.33 
Knowledge subset 14 6.50 2.35 
Application subset 14 7.50 1.61 
Grade point average 14 3.00 4.08 
Time in minutes for 
treatment 14 480 
Attitude change 14 0.43 2.41 
Class 6 
Attitude pretest 13 58.92 4.59 
Attitude posttest 13 60.85 ' 5.84 
Achievement total 13 15.85 4.04 
Knowledge subset 13 8.08 2.53 
Application subset 13 7.77 2.62 
224 
Table 39. (Continued) 
Number Standard 
Variable in class Mean deviation 
Grade point average 10 3.13 5.92 
Time in minutes for 
treatment 13 500 
Attitude change 13 1.92 5.02 
Class 7 
Attitude pretest 13 56.62 6.23 
Attitude posttest 13 59.15 7.56 
Achievement total 13 12.77 3.75 
Knowledge subset 13 6.31 2.39 
Application subset 13 6.46 1.85 
Grade point average 12 2.68 8.11 
Time in minutes for 
treatment 13 520 
Attitude change 13 2.54 5.47 
Class 8 
Attitude pretest 24 55.54 5.19 
Attitude posttest 24 59.50 4.94 
Achievement total 24 12.92 3.67 
Knowledge subset 24 6.71 2.35 
Application subset 24 6.21 1.91 
Grade point average 23 2.55 6.07 
Time in minutes for 
treatment , 24 520 
Attitude change 24 3.96 4.45 
Class 9 
Attitude pretest 7 55.14 3.89 
Attitude posttest 7 55.00 5.07 
Achievement total 7 14.57 4.47 
Knowledge subset 7 7.43 1.81 
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Table 39. (Continued) 
Number Standard 
Variable in class Mean deviation 
Application subset 7 7.14 3.02 
Grade point average 7 2.70 7.02 
Time in minutes for 
treatment 7 320 
Attitude change 7 -0.14 4.85 
Class 10 
Attitude pretest 16 51.75 9.21 
Attitude posttest 16 50.88 8.45 
Achievement total 16 15.56 3.44 
Knowledge subset 16 7.94 2.11 
Application subset 16 7.63 2.00 
Grade point average 16 2.62 7.41 
Time in minutes for 
treatment 16 500 
Attitude change 16 -0.88 4.21 
Class 11 
Attitude pretest 21 54.00 5.84 
Attitude posttest 21 56.90 6.18 
Achievement total 21 15.24 3.40 
Knowledge subset 21 7.38 1.91 
Application subset 21 7.86 ,2.33 
Grade point average 21 2.93 6.93 
Time in minutes for 
treatment 21 500 
Attitude change 21 2.90 3.86 
Class 12 
Attitude pretest 11 55.82 6.31 
Attitude posttest 11 55.82 7.14 
Achievement total 11 13.55 4.70 
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Table 39 (Continued) 
Variable 
Number 
in class Mean 
Standard 
deviation 
Knowledge subset 6.82 2.32 
Application subset 11 6.73 3.10 
Grade point average 2.47 7.12 
Time in minutes for 
treatment n 500 
Attitude change 11 0.0 4.80 
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Management Achievement Test 
ID NUMBER 228 
Energy Management Attitude Device 
Use of energy at home 
We want to find out what you think about energy and how it should be used 
at home. Please read the statements below and circle A if you agree 
strongly, ^ if you agree somewhat, c[ if you disagree somewhat, or £ if you 
disagree strongly. Thank you for your help. 
A agree strongly 
a agree somewhat 
d disagree somewhat 
0 disagree strongly 
4 3 2 1* 
A a d D 1. Each person has a responsibility not to waste energy. 
12 3 4 
A a d D 2. I would not live in a house that looks really different to 
save energy. 
4 3 2 1. 
A a d D 3. I should be saving as much energy at home as I can right 
now. 
12 3 4 
A a d D 4. I don't believe there is an energy problem. 
4 3 2 1 
A a d D 5. We must save energy because we are using up our natural 
resources. 
4 3 2 1 
A a d D 6. I am willing to cut down on using luxuries if it saves 
energy. 
12 3 4 
A a d D 7. Everyone has the right to use as much energy as he/she 
wants. 
4 3 2 1 
A a d D 8. Our country needs an energy policy. 
4 3 2 1 
A a d D 9. Each person should voluntarily cut down on how much energy 
he/she uses. 
12 3 4 
A a d D 10. I would rather have all the energy I want even if it hurts 
the environment. 
Weight of the response. 
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12 3 4 
A a d D 11. People should be allowed to use as much energy as they can 
pay for. 
4 3 2 1 
A a d D 12. A family should talk about whether they will try to save 
energy and how they will do it if they want to. 
12 3 4 
A a d D 13. Industry and the government must solve the energy problem. 
12 3 4 
A a d D 14. I do not want to change my habits around home to save 
energy. 
12 3 4 
A a d D 15. I think we should wait and see what happens about the 
energy shortage. 
12 3 4 
A a d D 16. The appearance of a house is more important than whether it 
wastes energy. 
4 3 2 1 
A a d D 17. No one should use more than enough energy to live com­
fortably. 
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Energy Management Achievement Test^ 
Mark your answer sheet according to the directions. 
Use a pencil to mark the one best answer to each question. 
1. Which of the following refers to the efficiency of a lamp? 
A. amount of energy used to construct the lamp 
B. energy required to produce light 
C. length of time the light is on 
D. sensitivity of the light switch 
2. In which order were energy sources used as our country developed? 
A. hydro, wind, solar 
B. solar, nuclear, geothermal 
C. wind, wood, coal 
D. wood, gas, coal 
3. Which of the following statements is based upon past truths about 
energy? 
A. As energy sources are developed, new ways of using energy are 
found, 
B. The greatest amount of energy is used when the supply is lowest. 
C. Less energy is used as advances in technology are made. 
D. The supply of energy exceeds the demands for energy. 
^Njus, 1977. 
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4. Which of the following is a problem related to energy? 
A. Americans use too much energy for nonessentials in their homes. 
B. Generators do not have the capacity to meet peak load demands for 
electricity. 
C. Industry uses more than its share of the available energy in the 
country. 
D. Nonrenewable sources of energy provide for the majority of the 
nation's energy needs. 
5. If fewer steps are used to refine kerosene than fuel oil, and coal is 
required to generate electricity, which of the following would be the 
most efficient fuel to use to boil water? 
A. alcohol 
B. electricity 
C. kerosene 
D. oil 
6. Which of the following is least likely to become a source of energy 
for heating homes in Iowa? 
A. corn stalks 
B. geothermal 
C. nuclear 
D. tidal 
232 
7. Consider the lifestyle of each of the following people and decide 
which one probably uses the least (nonhuman) energy. 
A. Bill is 40 and a bachelor. He has a large apartment so that he 
can entertain friends and relatives. He walks to his work a mile 
away. 
B. Joan is newly married. She and her husband both work in a nearby 
town. They have very busy schedules but always spend weekends 
working on their new home. 
C. John sold his home when he moved into a retirement village with 
his wife. Their grandchildren often visit and enjoy vacations in 
Grandpa's modern camper van. 
D. Susan is 15 years old. She lives with her parents and 2 brothers 
in an old farm house. Susan often catches the late bus home from 
school after cheerleading. 
8. Who uses the most nonhuman energy? 
A. Charlie Brown 
B. Dagwood 
C. Li'l Abner 
D. Superman 
9. The major uses of energy in the home are: 
A. clothes drying and washing. 
B. entertainment and cleaning. 
C. refrigeration and cooking. 
D. space heating and water heating. 
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10. Which of the following remarks makes the most sense in terms of 
energy conservation? 
A. "Don't spend so long in the shower." 
B. "Don't stand there looking into the refrigerator." 
C. "If nobody is watching TV, turn it off." 
D. "Turn off the light if you are not using it." 
11. If you wished to have a solar heating system installed, your first 
consideration after looking at your budget would be: 
A. environmental effects. 
B. political implications. 
C. public acceptance. 
D. technological advancements. 
12. Energy efficiency is: 
A. greatest for small appliances. 
B. how you use energy. 
C. less than energy conversion. 
D. what you get compared to what you put in. 
13. Which of the following would be most helpful if you were to compare 
the efficiency of two electric heaters? 
A. energy efficiency ratio of one 
B. fan, extension cord, paper and pencil 
C. thermometer and electric meter 
D. thermostat and thermometer 
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14. You plan to buy an air conditioner for a room that is 20' x 20' with 
ceilings 8 feet tall. Which of the following air conditioners would 
be best for you? 
A. Cost--$200, capacity--2000 cu. ft., EER = 7, range 5-8 
B. Cost--$300, capacity—3500 cu. ft., EER = 6, range 5-9 
C. Cost--$350, capacity--3500 cu. ft., EER = 7, range 5-10 
D. Cost--$400, capacity--5000 cu. ft., EER = 8, range 6-9 
15. The energy required to heat a home is affected by the: 
A. site and orientation of the house. 
B. site, orientation, and design of the house. 
C. site, orientation, design, and construction of the house. 
D. site, orientation, design, construction and color of the house. 
15. The most energy efficient home in terms of siting and orientation is 
one which is: 
A. on level ground with the longest sides on the east and west. 
B. partially underground and faces east. 
C. protected by a hill from the north wind and faces south. 
D. surrounded by trees and faces north. 
17. Heat moves: 
A. from higher temperature regions. 
B. from lower temperature regions. 
C. into higher temperature regions. 
D. into regions of similar temperature. 
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18. When selecting an energy conserving apartment you could probably find 
one which: 
A. faces the sun. 
B. has a.heat pump. 
C. has a solar heating system. 
D. has triple glazing. 
19. On which of the following would an "R-number" be printed? 
A. electric range 
B. gas bill 
C. insulation 
D. weather-stripping 
20. If an indoor-outdoor thermometer, located on the north wall of a room 
read 45°F inside when it was 0°F outside, there would be reason to 
believe that: 
A. air infiltration was a problem. 
B. the heat vents were not working. 
C. walls of the house were not insulated. 
D. the plumbing would freeze. 
21. Jim and Linda designed their house so that all clothes closets are on 
outside walls. The result of having the closets on exterior walls 
would be: 
A. decreased air infiltration and lower fuel costs. 
B. decreased heat transmission and lower fuel bills. 
C. increased fire danger and no effect on heating or cooling. 
D. increased conductivity and reduced resistance of walls. 
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22. The most important things to consider about an energy source when 
attempting to decide what could be used in homes are: 
A. power lines, maintenance, installation, and location. 
B. tradition, research, popularity, and profit. 
C. transportation, supply, cost, safety, and lifestyle. 
D. technology, economy, culture, and construction. 
23. Which of the following energy sources would be most likely to become 
commonly used in the United States? 
A. electricity generated from agricultural products 
B. heat from geysers and hot springs 
C. light from phosphorescent materials 
D. wind powered water pumps 
24. The basic parts of any system for using solar energy in an active 
manner for heating are: 
A. a device to collect the sun's rays, a means of storing the heat, 
and a way to transfer the heat to the living area. 
B. an enclosed system which focuses the sun's rays into the areas of 
the home to be heated. 
C. a reflector to transfer heat to a medium which can be circulated 
through the living areas. 
D. a storage facility which allows separation of heated material 
from areas which have already lost heat. 
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25. In a solar home the living area might be heated by exposed pipes in 
the center of the house. The pipes would be hottest when the sun was 
hitting the collector. The disadvantage of this design would be that 
the house would be hottest: 
A. at night and coldest in the afternoon. 
B. during the day and coldest in the morning. 
C. in the evening and coldest at night. 
D. in the evening and in the morning. 
26. If the solar collector for a home were built as a separate structure 
the main disadvantage would be in terms of: 
A. building-costs. 
B. control of the system. 
C. effect upon lifestyle. 
D. heating efficiency. 
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Knowledge and Application Subsets of the 
Energy Management Achievement Test 
The following items made up the knowledge subset of the Energy 
Management Achievement Test: Item numbers 1, 2, 4, 6, -9, 12, 15, 17, 19, 
22, 24. 
The following items made up the application subset of the Energy 
Management Achievement Test: Item numbers 3, 5, 7, 8, 10, 11, 13, 14, 15, 
18, 20, 21, 23, 25, 26. 
